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INTRODUCTORY PREFACE, 



Tm Woric ma wwoMMail in dmtty afetr Um 

^'-livjM of till! Kailway-iDAniu. fis ;iniL-iiii^, [iiirtty, nf tltlinjj 
up the interval of Ittnue la which moat Bugineera eo- 
pgcd {n nihmy inniM pwtidprtvl, dnuf «Im Inll 
that Kiiixi'i-ilt"! ; [nincipally, becauae I WH l lll [ * e MM< l 
viUi th« gmt variety of Um wofkiag filaak 1b ■■• upon 
nSttnyn, and fha dtmUlitr of intradodog fixed prin- 
cipl«s of imSffL and ounstruciioD. Making kllowanoe for 
tht VttricNu natttre of the traffic to be conducted, an^l of 
die Hnea of railway upon which it bad to be carried, I 
found that from the highest to the lowoit daa of wmking 
plant, tl.urti i visted exceeding contrariety in the design and 
Uotail; and 1 was pazzled to nocuunl &a ditferences, not 
UMBdr qiwinmMitM, hat fciwtiwial alto; aot nunljr 
divemo, but antagoniMic aUn. T applifil to tV.i- niithnri- 
tiM in railway nwnnhanicai qQeationa, for explanations, 
and Ibond tbvt, natonlly eamfjk, tbey tnU opiuiana of 



m9wi7 plants irfcm lav and aaqoind naeh tfaa* ma 

pTii-jil nil') us«.'fiiL 

The Looomotive,oatiurally, was my chiisf ol^Ject of atudy; 
aad toliliaiinrai>i([atiMi rftiiatadmiialila naAlBab tliata' 
stroctton, it« working, and ita performance, my attention 
prine^paily waadiiwtad. Imqraddttwttiwpsealiariiiuaa 
of tna&liait inacbaiiMBl and aalbkigai to bafbosd 
iocomotrve: — the aioociation of compact, ooocentrated, 
imwhaiiioal actiioa, villi Aaedoto and el<^aaee of form, and 
with tha moitgneaftal otmomaamtH, — made meouMeioai 
that there wai not alone a theorem to inaat^ah^ or » 
problem to aolve^ but an object, beaidea, of enduring adad- 
ration. Wliatavwr the absolute magnitude, wiiatowr tha 
it waa maildad hy matabiiltfttgiKSm, 



wliirli iii.itiy W'-rt> ;iH viuinus iiiid .vs c ■rumiliLii'rv fliu 
K-urks which were the productioua of their talents. 

reaKag dlwtUlad viOi tlw atate of paUk: praCn- 
nional opinion, knowinp; that much remained undone 
towards the eatabiisluuent of fixed and leoogniatd prin- 
oiplaa. being natonlly srene to apeeuktion, aa an ananaa 
for indolence or inaptitude, where facta can bo had for the 
labour of obMnriag them, and being aware that positive 
ax p a ri a i aBtal data and practical obocrvation, constituto 
tta only haaia oo whkk a aoond pmcdcal ^yateat «f BaO' 
ynj Maehluery can he ooostrucfed, — I Jlad'jtI mvsptf 
to the pruaocution of Kailway Mechanical 



EnglaaarlBg aa *ita^,«nd antand npan a 1 

?ive ix-nror- of i-Jh^emtidn iau\ rt-warrh- I voitpil nonrty 
all the gr«at railway KtaCions in thia country, and acqnired 
• kaawladga of thair nupeoUn wtMag phaite^-tlw 

prindt'I'-'^ "f rontfruftkn, the st)lc uf lU-tjiH. und the 
aystem of working. 1 was much a«iu«ted in ray inqutrita 
by tha oAeen of departnunii, and acquired vahdbla 
infbrmatiou (Void them, conver«ationally, as well aa in the 
form of docomeota,— ike raault* of their own ozparinieBtL 
I IbeiMnlBd, aln» naay «C tha pmla aainAekfia 



fjoaintnc?? nf origin.ility, dspravify c.f ta.">tf', or lade of the 
mechanical fiunilty, the easenoe at least was there^ «mbo- 
died in the adniMd (wiHiMltaB of the maUifariMkr 

1>^ii!i'r. til"' l>liistiii|i»^ aiii-1, III laL«*r tiiii«'.s, tLe link-in :'tion. 

On tlio aulyect of the modern looomotive, we have had, 
in fha Snglbk laagwtga, Uvea i^gnkr wwfca of bn{Mn> 

taoee:— Wood'* TrealUe (1838), Fauibour's TrttUit 
(IMO), and, mora i«)enUy,UM loewnotive divhiion of anew 
ediliaa t/t TndgM m lAa Btmoi-Bngine (1850). The 
work of Pambour haa been, for many ymra, the eiuef 
authority on loeomotiveei and, though it bears evidence of 
a mind imbned with the i^irit of pbilooophical rcmwrch, 
it vaaddnqnin to be anlinly re-written to meet the 
ident mw^itif^ nf pn£^nppr». I'anilnnjr, it is tiu», esta- 
blished some principles, which later experience has con- 
brt hia aoMkMOHL ft asHt be 



sii!iii- ri---()iert.<, iliiiwn frmn bat nifn^TP prpiniw*;, — in 
some cases neueasarily so; and it may be judged how lar 
they would taqnii* modiftaBHaw. to meat the pMotlea of 



the |>i L-s<Mit l.iy, wt;uii t xrjtrinii iiti '>f ; 



thall have been brought forward. Valves and valve- 
ham bean MToIationlMd ainea 18M, and they 
luive yielded results of ui iiun of atesmvery superior 
to tboia whieh wata to be had twenty ycaiaaiiua. Theap' 
pBaaliobor thnindiealar to tka cyfittdaraf tbalaaoaiativ^ 
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▼« INTRODTTCTO 

— an iastniment untcDOwn to Pambour, or, at all evcnU, 
not muflopA ^ hbof^ tidti mmMnVfy te gMag 

pitM':'-;...n to our knowlisi^.' of t]\i; Vx-liiivi'Mir uf sU'am in 
the cylinder, and of the uitenial aouroes of reaiatanos ia 
tUbMmotivft llr.0ooeh vwttw inl^wftr M lam 
aware, who applied the indicator to locomotives; and he 
ia the oofy CQginMr who ajiteniKticiJjy employH that 
iBatranMBtk a aart of MeOiaioppe for taating their phy- 
■iological condition. With n.'.;:ii<l to the other work 
nfamd to, the new edition of Tredgold, it i» remarkable 
nibarftr the genenJ excellmco of its iUtatratioiM, thaa 
tor the originality of its letter-press, the mora vmM fOl- 
tiaut of which had prLviuuJv bri-ti |iuljli-->liciL On the 
othtr band, Uiere U Mr. Liouch's able and original ezpo- 
Btkm itf tli» fiiMpl* <f tha widim loMlMtfvi^ p^b- 
lithetl with tho Report of the Gauge Commissionen on 
Railway CouiiuuuitntaoB betweaa London Rir mlng . 
iam (laitt); wUdi, thn^ not tcmnOty t, ngultt' db- 
ciuuoD, contains, in conjunction with Mr. Oooch's inTe»- 
tigation, pr«irioaaly publiahud with the Qaiagt Commis- 
doBtn' <1M^, now important and mggtrilam 

re.ia!t9. Touching the latter Iteport, with ite appendioeK, I 
(Iwjr eontain, Mattered over tlwir pagn nnnwnras ii-ag- 
uauto of vwfid cfxperienee, isiirea In avidnm hy loading 
authorities of the day. 

Ia faaeo, mvocbI vocka apoB Um loooiuotivc have 
appaand. TbatelimpoiteiitiPOik vaa vrittea by MM. 
AuMagmi, and paUiahed in 1839, under th« Mnpiem 
of GovemmfiTit * It ci.nt.iias f-i^ly d. tai'u I Iniwings and 
deitcriptiotw of the iocomotivea ot the day, and is ind«bt«d 
to Pkmbonila tnatiw te ila doetaiiial matter. Amtbar 
work of aipednl mf>rit. the joint prodtjdion nf MM. 
Flachat and Petiet, was published in 1840, and was the 
flnt in which tha Tariona pnwtiee of laoomotfTO-aaakm 
W as i 5.v;sifi.' J and compered, t It ooffiprises nnmennu dis- 
sertations on the power of looomotiT«% ibnmjad, Uka tboM 
of iCa pradeemaar, on d» iamtSffUam ti FamlioiR A 
third practical work requiring notice, was writt. n by Felix 
MatAhims and poUiahed in 18M.{ In this work, the 
oiampla of MM. Tladiai and Fotiai was ably foUo wed ont, 
tiw locomotive built by Sharp and Roberts being adoptad 
aa a model, with wliich the engines of other makers were 
oompand, with zaiuanoe portly to structunl characteris- I 
tics, though ehielljr with smaid to paoporliaBa I( cai^ I 

{;iU.<. riW', sfime discuaaions <jf th*- th«»ry f>f the pxpfln- ' 
»ive action of stc«iu^ and is a model of the conscientious 
can and paBtpioMify witb ^idi Fnnob vritaB gaseni^ 

* lfM9ilnt4la Omiiu dt Fer, 1839. 
t AadWwrki JbOMwfstMMtNMt IBM. 
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arrange their roaterialg. The fourth work, of general ini- 
poittaiiM^ la a ftaatiia on loeamoliTCik hf MM. La OU- 
telicr, Klachat, Fetiet, and Polonceau, publislicl in l^ri, 
finmded part^ oa tba woric wrtUoa by two of these 
«rftaKlBl840; talt intlMmaiB,aiiav-worIe.| Itlaa 
work of very great merit, and oarriea forward the inves- 
tigation of tha locomotive, constnictivaly and phjnrioio- 
gieally, through several important stagaa That mA waa 
isaimd at «ama tiiM tfeat tlw pddkdaOB of Oiia Wofk 
was commanoed. 

With napaet to my own investigations, having bad 
ample oocamon to observe the diversity of opinions about 
lliu ttKainativf, r resolved to accept nothing for granted, 
but to see, observe, or rabject to experiment, everything 
notaaieeptibleofdiiaotdaiBonstMdaon, aaftr aa my epper* 
tonities would permit It was thoTi^^Vit, for example, that 
ateam was eleotrioally active in its movements, so niinble 
aa to lemdMr speeial ftcOUim fer ita admimkm and nleaaa 
in (111- i-ii;,'in._' uuneeessary ; and that, nv.'renv.ir, the ques- 
tion of the condunatiou of steoai by expoaiure in unpro< 
tooted eyUndar^ waa fttToloo^ the dirtribatiea of the 
steam proceeding so rapidly, as to reduce the condensa- 
tion to an immatfliial qoantitgr. it ma thoogbti hf wonae, 
that fbabox-anriiwa bad heaiaqsTMaia poeiiBar tolMf. 
not possesiied by tube-flues; aid, bjothani that Uia fire'- 
gratu could never be too hirge. TnraUeaome qoastlomi 
were rallied as to the completeness of the eombustion of luel 
in the locomotive. The link-motiou liod been received and 
adf<i't.< il widi ;i tv--j>i"-rtf'i! i!i-:r:r-ii.'i', .lue to itfl undeniable 
oonvenieocu, but doubtingly and vaguely as to its superi- 
orilgr to tba gain, ftr tiw a apa aa iw mMag tt atoam; 
leading, in consequcnoc, to numerous schemes for super- 
aedisg the Uak. But, the questioB of inside verttu out- 
side qrUnders baa, pcrhapa, mom than any other, TCsad &it 
mechanical wmM, irivi>Uiii^v .-um it no i\r,-a\,i does, the 
ataUlitiy of the looomotive as a carriage, the stifihesa of 
tiha ftaowb and, in aomo d^iB^ fltt aelioiB of the ataam ia 
the cylinden. 

To tha aolaiioii of these and other qumtiooa I diiaetad 
myattenti«L InthteWork,auanaIyBiflofthaimiiva]kd 

link-motion, Iji m^il^Im <au l.y Mr Stepht5nsoji,l«attemptod: 
with respect to its aciton geometrically in regulating 
the motion of the slide-valve, and phyatologically on the 
hahaviiwFitfthaatemlikfliae^idav. Ititahfliin,tack 

tlist much of the Mesiii condensed in the cylinders of 
locomotives, when not well protoeted; and the oo n di t ione 
of anaseta in eKpaiieiv»-woridng having been edooed, tJie 

condiUona of PkImA combustion, and the tnio relations of 

. < 

§ ovl iV 'Yii A^^^'.'i jitMmClMMMHaMVSt CknAMftar (b HUMiti 

XonmuXirM, 18S1, 
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mi tobanufiMah and of Umm to tlw gnto4n% 
bwa aacptoirtt d ! iW iiHH i i lii U i m tiw ftlliftiw of aaa- 

bu«Uon-charob«r8, unlimited firogratea, air-holes, inid- 
f««th«r8, densely paiiotl flii.'-tuff>; ainl sIiowIul; llint tlif 
mcKlera locomotive-boiler who truly typiHed in the iiocket, 
b/ lit BleiaMMMw iB ISM, Md iwaind iti noit poftok 
dtmloiMiieDt fpr»m thr snmp smiroe, in tius long-lwiler of 
IMS. The poaition of the cylindent inside or oatatdej has 
aho ban Amm to Iw » anMir «f fndiAnBHv w ton 
thettability of tbolocooioiive ii ntsvisjirily ufT.xkil by it; 
M alwv the poBtknof (lie drivinj; wheels and axle, befvre 
or behind the flrrixs,— «qaeatian that has been mneh 
agitated by engineers, but has been rendered of lea ini- 
portoaoe since Uto superior method of oqvilibntiOB sug- 
gested by Mr. Stephenwn, propoondidby lb, AraBiougfa, 
inratjgtted by Kollau and others, and developed in this 
Work, has bam brooght within onr knowledge Already, 
ewmtonrdglito adjusted on this principle have been 
applied with complete soooeM, in the outside-cylinder 
locomotives of tbe Cir.nl NnHli of Sontl.ind Railway, 
designed by me: — these engines run with perfect steadi- 
naai at «ha apacAi aMainUe on Oat Una. 

Other iniport'inl sulij.'cl^ of inquiry rr-laiing to the 
internal economy of the iooomotavc, — tbe preparatioa 
and BUBigiBHnt of tha Ibal and fhe water, tlwprodao- 
tion and application of the ateam. — as vrrM n» lu tlie cf>n- 
■tnietive priudpke and details, have been treaUd at 
langOk b tha dofiartaieBl of intema] aooaonif , tba 
field k not yel Adly explored, and much remains to be 
■oooBBflUMdi in balandng Uie aiida-valTei^ by removing 
fhe altara'pnaMn ftoni tiia baaka of Choa, auperheating 
dw ftadHmAir, aad oUur atafiB of ini- 



Wbila on thia subject, Uia importaat results recently 
oUaind hy lb, WOkm Sianana^ from bis Patent 
Regencralivo Steam Engines, mn^ hr remarked These 
eoi^nes «ooai«t of three (flinders, and the principle of 
ttair aoUaai i% duft » i^van TCluM or atoam i* aUaiBBle^ 

cxpan leil .mrl p«inpro.wcl, ami is, siinultanMraKly with 
these changes, supcrbented and reduced to its normal 
aWaoraatiinrtkiB. 11raab«bedvtyara»fiHleeawniei 
is only to rejilaix' Hit; liMat riire<H)y jilisriil:)-.! in fxpiiiiinn 
behind the working pistons:— the latent heat of the ataam, 
wUob aaaifltotea by &r tlse greater proportton of heat 
opandad la aidinaiy steam engines, is preserved, and n 
corresponding eoanomy is effected, amoanling pnakiallj, 
it is said, to more than two4hirds of the flial <wnaiwnad 
bjAabaalaqginasatpreasat inoso; Some years since, 
Mr. Stemena Ukveated tba B^pmraliTe Condenser, , by 
vfaicfa the ooodauing water onadauiDg engines wsa 



healed to the boiling point, at the same time ejecting a 
vacnmn; by tha aoBptoyment of thb heated water to sup- 
ply the boUer, a Mta)llaaai*iqc«f &al via eflbeled. hm 

portion of waleT so n^c<}. vnut np«M?iriIy but a Kmall 
part of the whole quantity heated ; and the Begenetative 

rv'tiimin;^ tli^ h(>M to ihf boiler, becauae not only k por- 
tion, but the entire latent heat of the ateam ia returned 
tothaoBBfaa. 

Ill till* cijn->triift'vir JojinrluK'nt of Locoraoliviis, rrrin;inf>ers 
have been, and are, widely at variance, m any one nwj 
jttdgaftanfliawiatyoratoekitoirnada; aaid. wUlaitt 
has obtained mnch consideration in this Work, there doubt- 
less remains something moN to be done, in ordet to eata- 
blish a complete system of uodda and propartions, towatda 
the attainment of unifarmity, in thi^ rk'<-i|;n and detail of 
locomotives for different classes of trailia Probably, five 
diatinct clasaee of locomotive would afford a variety soffi- 
deol^ a nWWmiied B lM I J to auit the most varied traffic o( 
railways: whereas, I suppoee the vaiietiei uf iDwmotives 
in actual operation in thia country and elsewhere, are 
iMMiiaai|]r<vabniidndiikimnlMr. IvaiyaMaaaawtba 

riglii. anJ mu'jt uf Ih.'in rmi^t lie wrTOc;: and it would be 

for the best intenarta of railways if the proper authorities 
ooidd ba naaimods in ilia aalaoUoB of aghPvnaniBlwrof 

classes to unifonn puti/'m?, to hi- ailopte..] in futuri: prartio'. 

It ta doubtful if such an arrangement could be worked 
oafemJaaatharawawanBiriiwantalgawatioM af laflway 

interests, in the hands of government or otherwise. But 
it ia esEtreaaly daatiafalok and is certainly jpraetieabla, 
under each of tba aaveral lajtway-mana^maBto: tt baa 
been acted on for many years by some railway companies, 
and the principle of anifbrmilif ia Bkaly to ba ado|itod 
and acted on by others. 

it^maMmm, ^ «Uef qwaUOBa of interest affecting tha 
internal proportions nnA wnnnmy of the locomotive^ V%' 
it ia hoped, saiBcicntly elucidated to enable any one to 
aalaat f» bfanadf tta alTto «r kaaaastfa* annopiate fiir a 

particular d«tv, nnd tn -wnrk rnit a r^!?rTcct nil'! »iiti^<fiic- 
tory dengn and system of detail. The rale of routine is, 
ia aD caaaa^ aabordinated to tba nda of aeSantile aac- 
pL-rii'iiei-. To rtyuunu-/^ oalcubition, and to promote 
convenience of referenoo, tabka of data are firedy intio> 
doaad, in eoBBaatiaa with tta lalaa iBtanpanad wilh aa 
text 

Railway Oarriagaa and Wi^ggons have oocu{ued maob of 
my attenliioii. Tbe pnwtioa of earriafaVdUara la par- 

vaded by a spirit of rotiiin*'. wliidi .jlxtriictx the rour* 'A 
impcovaBMnt; and yat^ in their essential details, carriages 
ara lafinUa to i 



a 
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The ume may b« aaid, in some degree, of wkggoaa. In 



be combined; 'wheroaa, some wa;^£r'''n-'j<>i1dDn), to iiiMire 
mme brateitreogU^ throw in matemb with aa ontin di»- 
KfHNl lftfl» ted mlgU cf Ok TCkkla^ nuaiBdid «r 

Ihfi nplinn.im, that, tbom^ ftV«llU*«HUI0t1)*lM>alMI^, 

it au,y be too heavy. 

coosidenble len^nli in ihfse pages. There U no doubt 
tit*t the Buat oomplcte experiinenta on tint «uijj«ci, are 
tibow«rMr.DHMOi»«h.delai!^lii«ttB*port of ttw 
Oatoge Comnuwioinen, Iil48. The results of thaae ex- 
pariDMBto are worked out ud talwhtBd kiiigth; in 
many of the experiments, til* obwrwd apmia van Me»- 
lersted or retarded, and the neoeesity for applying a cor- 
rection in sudb aa deviated from uniformity, has hitherto 
proved an ofaiteda hi tlie way of thdr asefal enipluyinenl 
I lHi*«^ bowevRV dcdnoed a nmple tab far findiag tba 
equivaleut ifsistnncf- f'r a uiiiffirni ^pcprl, wden the rate 
acoekration or retardation is reiauvely small, by the 
vpttSiMtui 6t wliA dl 41m flIiMmttiwi waOn bjr Mr. 

Gooch nrr brotiglit tD bear upon ra.-h othur. nnd turned 
than to their poper use ibr the development of the laws 
offtiSa-BwiiitaiMW 

On the d«'parUi;H;il, of Flxi>il ur S'tatiMiinrj- riatit. there 
is little to be aaid. Fisrhaps there is no one who baa 
doM mm far Om faMug of atationwj ptaal* tlwti 
Kr. CL H. Wild, wboia improvamcnts are worthy of com 
art mmgtf m Imlahnnnti of pr^gren^ but 
OayhKf aUmtiUad QtlunlaflH piith of 
improvement: — they have illustrated the vain of ft fair 
mechanical principles judieimaaly affliad. 

Permanent Way baa obtainad aonw afaww of lOf alliB.- 
tioo, dicmgh it vaa not ori^nally dtBgnod to aotiw 
tliat siiVgcct, a<i it appeared ecarocly to fall within the pro- 
vince of mecliauical engineering, — technically at leasts 
attheaMoa tiOMt iiMM k no donbty Pwnaneat Way, by 
which i-i meant th;; syEt^m of mils, ctmlw. luij sleepfrs, — 
is of vital importance, and its exceliottca is closely amo- 
Aititiritk «h«t of 4ha nO^ aleal^ ia gemaiag fko 
efficiency of th« I.JComMivr The Pennauent Way is, in 
bid, tb« platform upon which the duties of the loeooio- 
avoMkd ite iialn an diidMistd; and it la iMpad tlmt 
the contribution on that satjt'ct lu.iy !»■ iLstfu! as a 
hiatonoal HMmorandum. and as a reflex of the opinioaa 
of tbe loading aatlioritlM on the wkmfanu ofraibaad 
their fixtures. It may be added, further, Umt the solution 
of tiw difiuent questioiu of Pennaoeat Way, would bo 
fadUtalod bjr • nor* Khonl iafMaa of 
lotte 



Xiiis Work iuiB consumed four year* in publiaation. and 
tt aNOK darisaUo aa* » Wif abowdogMl Mttee or Hi 

contents <:li<»uld be given. The first part wm isniod in 
June, Ihol ; and the whole of the bistorica] aoconnt of the 
lMMN«i*«b dw gaoMtadaal iimal^irfini of tko iiio««- 

mevii.^ -cif llic Slidc-v-alre, aiiil nt tht^ Link niotiuti, the 
chapters on the properties of Steau, and on the Indi* 
eator-diagrain, and tho fifat poTti<mof tha invettigatiaB 
of (lie BtLavioor of Steam in the cylinder of the locomo- 
tive^ were pubUalMid during tha wmaining montha of 
isn. Daring the ycKr WO, Oo iwreotiffition of 4ho 
Behaviour of Steam in the cylinder was completed, Blast- 
pcamro and ila nUtioaa diacoased, alao tbe RulatWB of 
Uw Steatt-piewuiua ia tho Cylinder, tho TaIv»dMa^ aad 
the Boiler ; and the Work of Steam in the cylinder. Tbo 
investigation of the Locomotive-boiler, pliysiol.r,;^i«'aIly, tLt 
well as of the Locomotive as a Carriage, nppearml during 
tha ktormootiiB of the Taar>-««mWu tfeo RaoUa of 



ray r«nftrc!;f« nn Com^tiition of Fni»l, Dmft., Prinnnj; 
from tho boiler, and Heating Surface; and on the Condi- 
tiraa of BliUIIfy, latanal DMnrUaf Fonan BabadBg 
the Locomotive, and tlie Relations of the Centre of Gra- 
vity. In lass, the iavtatigatioa of the Anatomy or Con- 
ef fha LaagoNtiveia aD fta doUik«Bapab< 



lishrri: — p.-.mpr:sini,' n'.Any i"<;,iti-.;i'i:-5 cf iii,.ili-rM i'i;-^j;ju, 
and developing the principlos uf correct oonstruction. In 
18«4k Oe dlaniiioa Of the Osrriage sod W^goa Stoifa 
appeared; also the articles on Pennouf tit ^^';;y, K.j^ist- 
aooe of Trains, ProfKUtiuning Loonnotives, and their Per- 
famaaoca. Tha lamainder of the Work, on Flsad or 
Statioiuur}' Plant, appeun-d in the present y«ar, 1S5& 

A separate paper, ia two part% on the Expaaahf*- 
workiug of iHaam ia Loconotiva^ waa read by na befat* 
the Institution of Mechanical Engineers, in Api-il and 
Juno, 1832.* It ombnood the priaoqial nanlta of mgr 
investigations oB tho aol&m of alaaiB m the c^lnider, 
given more at laxge ia this Work. Aaotiwr paper, on tho 
Principlos of the Locomotive Boiler, was read before the 
InatitutioD of CivH Eogineers, in March, 18j3,t and it 
omtaaaad, ai a i l larly« flia laaalia of mf iinnaligBlioit oa 
Locomolive-b'^iVp";, in this Work. 

I shall now take the liberty, at the riak of making 
npetttioiti^ of indicating pceciadjr ia what iwpeela I hawtk 
as I believ^ advaBBid tho tbeoiy aad piaotioa of Uie 
Looomotive. 

Unit aa to the BeliaTiow of Stam ia the ^liadir, 
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r\ni\ ihe &'>nditions of *ii<vf*?fti! and ■'psnomtrAl wnrkin;^. 
By tbe evidooce of tbo steam-indicator, it it proved, on 



in cvlinikr-i iiiipcrfirtl 



Tli'_' rfftstuni'c? .iri' an.ilj-ied on simple natural principles, 
and tbe Jaws of resistance deduoed, from Ur. Goocb'a 

« altaiglit Wid 



>f rails ; junl tli-j rusistanoes tlius il,'ilu«il,. 




tected; and, though the condensation of stwm andor 
mfcygniiilil* ciwi mi i t i iiciii i> had ^i l ll ^vi^l■^y bean mppoaed 

to exist, ito existence a now, for tbe first time, demon- 
atntod by direct evidence, and «a abwdoto vain* ndgnad 
to ik Jtoaover, an approxinuto Inr of Ae nto of eon- 

ban been developed, aocotding bo which it 
rapidly with ihf proportion of the ezpuaioii, 
much ligUt ti]n:in the apparent ineffieieney of 
' in nutny clxs^iaa of engines, and sug- 
gesting ftt (incptlip mno<!y, — t.lie pprfi'ft prutfctiriri of the 
cylinders, and, further, perhaps, an application of heat 
ntifiiaUUr to the oyHndar, or intonHlly in •npailMKlbg 
the sti-am. An oripn.il investigation nf tlio link motion 
ii iutrodoocd ; ite action on tbe slide-valve is shown to be 
Idwikd In dMnettr vkii Hhiit «r • abi^ oeoa^; it 

is jirovt'.l iu ix' iinu'liuully [t'rfts't in aj-tion ; its ffarii-nfy 
ibi espansive-working is demonstrated, and the law vt 
IfartaOdaiaybdallnd. 

Second, as to tbe Generation of St^m in tin- Ixiiiar, 
and thAflonditiona of it! •oonoanad production. Tbeoom- 
Vaatioit «r Mka la th* flnbox w diawii to pimoti- 
cally complete, and tbe relations of the grate-area and the 
heating inrfHe, well as tbe pcxqier diatribotioa of the 
latter, HooHiiig to entun lava, an daaianitiatod. The 
conditions for obtaining dry steam, free of priming, are 
defined ; ihi^ aMcu of tlic blast is analyzed, and it is 
shown tiiat, with aU usefully proportioned boilera» the 
UHtpipa WKft attantiMi to 4aM, Iw nada 

abuDJontly wide enough to afford a free exhaust, with 
abundaiioe of draft for the genefatioa of *t«am: — ^proving 
ftiA tha aati yfani Ufhnto nf ipaiad to {nml^ aa a 

neccasaty evil, between the V»i!pr and the m^'mc, in their 
reapeekive demaods for a sufficiently narrow and a suiB- 
eicBdy vtda bkat-eriflet, doaa not caeMarily exist 

Tliiril, n-i to the Locomotivp as a Carriag?, and tl:p 
Cunditiutts of Stability. It is shown, that by Judicious 
amnganieato <if tha iriuata and aslai^ and faj Iba appUaa^ 
tion of suitable counterweiglite in the wheels, according 
to certain given conditioaa, ail oaafol tbcou ofkMomotives 
nay be adopted wKh wmbul It ii prared that, wHb 
nqMct to stability, the position of the cylinders, fore or 
tA, inaide or outaide^ ia of w> nomeiii Tba j rin dplei of 
the derfpi and amBgananl of the ftniM,an dfanBad 
and (■•xemplified at lengUi, and tbe ormditiniisof i|Mi|(tlh, 
duriibilit;r, nni rimplicitr, ftrp tV.ly dttoilwL 

I'ouriii, as to the Resistance of Kngines and Tnuas. 



are compared with the resttUa of my es^criments 

way. and gradients; these results, for straight and for 
eorvad lii»es, are also oomparad betwaan tbeouelve*. 

hifhatto WMlitoaiata^ la aoloMM to 



Fifth, aa to Bdia fiur Proportioning Loeomotiveii. A 
system of Rules and Tablaa of Data ia aapplied, lor the 
caletdation of Looomotire power,Bu{Rcient1y oomprr1]r>nsive 
to meet the neoeasities of ptaxiiix. Tbe £»nuulaa of which 
those rukw are tbe expnaion, Hill ha fMnd tnoob mm 
oimplf and oanier of appHmtion thnn Pam^ioiir's; and to 
embrace a greater variety of conditions with accuracy. 
Indaed, tta nseital porpoM, H must be ao, sa tbe loooma- 
tive of 1855 is a more complex macliiuc ttiati tliat nf ISaO, 
and tbe «Uveraity of conditions roost be recognized in tite 
g a a a ial pnUm.' Than an iwatwiala aoAeiMt ftnr the 
development of a general theory of the loooniotive, l>ut 
tbe problem of their ooovctaian mart be defiuMd till some 
Alton ofiportBDMy* 

With respect to the Carrying Stock, there is little of 
importaaoa nqsinqg aaantion in this piaoa. I may only 
aOnda to tha method ofaimplify ing tiia framing of nanoww 
gauge waggons, by the lat«sral extension of the under- 
firame, to admit of the direct implication of the body- 
framing to it, without limiting the width of tbe body; to 
tha ineldlBtal advauta^ iif longer axles, larger Journals, 
nnd jT'Kit<»r rooni alKnit tKf axlfhfixi'S; nr.d to triL> appli- 
cnlion of iron aide-plates and a system of tie-rods and oon- 
«inwnidnimradBiBeBq|uethmirfth the wMdmodn 
underframinguf Carria^?^ and Waggons, by which greater 
streogtb and lightnaas aro gained. Is tbe matter of ajde- 
bouib I hnn aat fbrili what I helieva to ha tha trrn 

<!<x'f iinM uf ln'arlug surtace of journals, and insLstod on 

the neoeesity of providing distinct and independent counter 
aaiAoai^ to meet aepanteljr the TBtied aad tha hori- 

sootal wear in oxleboxea. 

Itia now my plaaaingdoijr toadtnftarladga tha Ubanl 
and varied amMaoee I hsn neined fron viliied fticnda 

and patrons. First of all, I have to mention tbe uniform 
kindness and liberality of Mr. Robert Sinclair, General 
Manager of tbe Caledonian Railway, who gave me eveiy 
fiunlity, favoured me with valuable statistical infbnaar 

tion, and ntliprwlw promoted my viiiw.i, wliile I wiw, 
in 1650, engaged, under iiis sanction, in an extensive 
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eooiM of «xperiiiMiiUi with tb* loewBiitttm-itocIc of 
tbal namy. To Ut. VHSSm FrtOn, LooMnotiTe Sufwr- 
intendant of the E>rmbargh and Glaagow Railnray, I 
am alio deeply indebted for the liberal ontstance and 
free cboioe of all the itocic of that Une, aooorded to 
me in condactins my •xpwtaHBli IhMn lb. Kihv 
Roberteoo, lately Lvoniativp Snpcrinten'lent of On* 
Qlaigow and SouUi- Western Railway, I have also to 
apmi mj MkmnvMgiMiite T» Ifr. OnM Ooodi, 

LooOUKrtisv Supv-ritiU'ti Ifiil of tin- Cvfut Wr-stfTn P..ii!- 

vay, I am laid und«r weighty obligaUoa^ for the peculiar 
■ad vdwUs antnteli whieh h* phMd «t my Mrvia.-, 
oonasting of the reanltfl of extern! vf> obscTvationa of the 
perfimDMiM of k>oamotiv% and two valoablo wriM of 
inffintar^i^nna; abo to Mt Join V. Ooodi, Loenno- 
tive Superintendent of the Eastern Cottnties Rnilway, for 
vahtaU* eEparimental rantto of perlnniiaiiw uf locorao- 
Hfm, toA ^har tnCindttiaa; to Mr. TnvBtbick, Loooioo- 
tive Superintendent of the London and Xoith-V<ltora 
IUilwfty« North. rn Division, for many important p«r- 
tienluB mpecUug the Crewe Engines. 1 have aim> 
to reootd flu mMuOM bemfil I hw dafvtd Aom 

Mr. AliS"tnnt1i>r Alhii, TyOcf<m'->ttvc Stipmntendent of the 
Soottish Central Railway, upon whosse »t<)rua of valuable 
piMtiMi «9«ienMlkRT0 flwly muI ftaqntiBtty diMrn. 
and who has at all time* honoure.! tht tlra^:? Tn t^^ 
gentleoten wbote nunes erlnnd in connection with the 
flhNindTC mgn^img^, several of whom I hvra alraady 
iiit iillunid. I linvf In ivluin uiy sincere thanks for their 
i&di«pensable aid in supplying to tat tb» materiaia for the 
teviitei: and tbo famiiiMa mdioMc wi«h which tli^ 
placed the fallest details at ray oomnuiDd, in virtue of 
whieh I bam beoa eiuhlod to otoborate tbe drawingv of 
«ho platM^ and of tho Hbutntive wood-outs, and greatly 
io enhance their value. 

In the other departments, I liave to reuinl the attentioas 
of many maoH&eturcrs of Bulling Stock, who have allowed 
ma tiw five range of their portftJioa, aad haiva, otbarwiai^ 
nuUerial'v !> Hnm-ed my vusvn. Tn Mcw^rt. Brown, Mnr- 
«ball, ii' Co., Jiu uiingliam, in particular, I have been deeply 
itidtMad te tha mlW indiBMi irfth wUeh tbv ium 



mei mjp Tiaw% aod fiir tiia Talned piaotieal in&rmatioa 
derived IWiiii Umol To Ur. Haaij H. Hanson, also, I 

am iiuK.'li {[ii^dbtad for the fiiMilities h« has at variona 
times afforded me, and for much valuable InfbrmaUon. 
To my iutiinate friend, Mr. W. \L Buchanan, of Glasgow, 
• fiiillainaii of hi^ leieotiflc and aoand pnotioal attaiii- 
:ara*3, I am itiiltbted for some viilmibli! suggir^sttons in (ho 
preparation oi this book; I may mention, in particular, 
the oHdiad of Cha bMafiaa Md anm^ ir fftfUmSfy 

rLiTiiscntini; the o>r(Jati(inii of \'ariable quantities, and 
extremely luefiil in inTestigatiBg Mieh ntatiraa. To tha 
other ganfliana lywlnB I havs^ in -noion w«^ haak 

favo'ir-,!, I hif'^ Vj iLuikc my i^teful acknowledgment 
I have made it my duty, while writii^ thk Work, 

invariaUj to adGB0«dedga tha aoofna «f lur i 

and to mention the anUiority fiir am; 

not otherwiaa aapported by my own axiMtiHUM or iaCsr- 
mation; aad in all OHM to aHriba honour to whom banoar 

was due. If I have amdia aagrof thtae respects, Iham 

erred unwittingly, tnA I slifti! mrwt rca'JIly subniit to 

correotud. I &el that this declarauon is due to rayaelf. 



the just L'^nttriv ,->f the- jmthcT. I can truly lay that I have 
oompoeed and written this Wotk iinf^ff-haa4fil, and tiiat 
it b «he reaolt of afanoat oaiatanoitted panonal lahaw 
and Huperintendencu during the last six or seven year^ 
when I have not boan otharwias engrrweed impeiatiTa 
dtttiaft 

To the periodical prcee, bo«li in thin iwuntry and in 
Aacria^ I return my l>e»t thanks for the couaideration 
with wUdi they have been j)baaed to notice my Work; I 
trust that fhair ftTomaMa aspaetotiana najhava baen 

realized. 

I shall only now allude to tbv distinguished naate which 
ajqwHt in tha dadiadiaB of thia Work. It ia a eon. 

pliment to whirli T turn with i.liM.sun-, .Ttic! \vit!i a coo- 
setousness of (he honour conferred by Mr. StepbaMoa 
in lanotioitiiig the dadkation. 

D. K. CLABK. 
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•.:.'lf, p. ill- Nr»-^.^ity frr fr.H> t^xljft g^l j. lu. ijl. A [ipli.'.it: iin .if lap 
! --iii.i 1' .iJi I II r]i^ Lit'eili.-..il :iliii !tl;iULl:i'jtrr lEjiuTi^y, 1 s'^. 2 1. GmVa 
R^['.lll..ii filXr, li-1!>, -.24, l^j. l>tnrr-AnL'o'n Vii]i'e. V, i'.li 1 iiL:-it lat\ 
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J'.y lli.Mri, ]u m!i],;f i:ii;.ti:m. :.7. Va.ri.\lil.:i Ki]:.\i:>i-iri-(-'iLi:ir with 
1.1. iuKI-:-v.^!vi. v -7, Ti.[itM t-viilv,^. r y Kjiwftyd», 27. K.TrgOt'a 

VahL-.:, isj'i. J7 !--i-iiMinn -.^iJ lii.juoy, 18«S,a8. .Hi-.-.-n MtvaiTgi, 
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Milrrv. l.y N^y-lijltli By it.'iwiluiru. IM !, J.L hv d.-nuijajl.. 

1-U3. i':^ FuUlitj :if lii.k-MiU-.itii'.. », y.l. 

SECTION II.-PHYSIOLOGY OF THE U)COMOTIVE. 
«u»-ncTioa I. — pHTiioboor or tuc exoivb. 

Tliera are two Hri«a of pniodioal iRnvcoBenta,— of the pUtoo- 
tiuitiom, and of the Talve-motaon, 20. Valve-BtotUm cooaUlend gro- 
nwtrically, them jJiyMcally with rtjpwt to tho actino of the «t«am. 3a 

Caxrtui I. MnmoK orriir: V, \L\'r.- iTn Ft jH-rn.sK — T )i< Mtiti,^ 

of th« T«lv» mMt be COIwdilervd i-l reliilinn t<i Ui.l'. iif ■|; u |i;..Km. 3a 

n-.e tatUT U by tl-M- 11 iriil.v.-itr f.f tliii iTa:ik, .1:1.1 i>t ihg gat - 

Ti^-:tir.;.r p i.l, fil l I"):*..: ll-i,i. lU i.;l ihfA^ jutluenri.*. llJ I. Tll^ Tuijli!,tt of 
ill'-' v.i.Uf not ;ipi..iL':jttl.]y idrL'L-tfil l.y t:u- an^MtLtrity uf tj-u- ...-•.■rniric 
i-hI. .H. I'unrtirilH .if X}i<^ ^lilJ.■■■i':l1>K. t.j rf^:illntr t:u- .'iilnii^OD 
I --tiJ liiL- rt|.^j--<^ uf i.ti-.ini t . .\ri,\ fn.>m tin- f j liui.l.;r, -11. VVi'.lt «h« 
r.nrnivl vr.lvi', ti.av ilig Tin laji U'.if I.;:V'L1].l' MiTj:rL-:vsi..n, ivl.-.-w. and 
a<it;iiii*ii -u i.if Bl.-Ani t.tkr pl.vi^e ,.:niilH.i:j.:..iu«l_v M 'Af fui] uf gach 
■troke, 31- Iii^dvimlii^TH ^.f tli..- li-iii'.;i; vaKu-. 31. I..i[i uf valre 
admit* of <!»ffi3.^ivc-wi'irk ii;g. , I..i.;;iiiilijLn nUuni; tti vi>ivf>. 31. 
ComtruotioB of Pi.^lmailiu uf sal.L'-m-itu i], ur ni'iitii-.n-^nrveT*. 3S- 
Ijip aad load of rslv.i I'nalil.- ti k i.'V]<iij«ivLly, i i xbumt tjoir 
anil frtx-ly, 31- 

'''l.^rT'-fi II. l'l^:.■r'|^T]'.|y^ i.T V.l.L^£S,-I'ialf.tiUI,il.U -if niTJUl il 

r->;.iUlfii by thra'tj i.lt^ui^iUii,- l\\t, >jtii, juid travj 1, 35. lafluUM of 
t.Si-s<i ti!< ini'iits, .anil I'Kijj.ir.v.i. .n i f tfuijr tcUuL. 3-'. 

CnArrra 111. Tirr. I.I^■K-^f^moll— the ftfATioTAar Tjvg.—Tlu. 
I.ii:kMotiiin, CiMif iti.iiis (vf a good link-motion. 30. Cluaifi - 
cat.ou vi l.ink-mi-'t;-:iuH. 3.'). luvf ii'.i^'^tioii of tlii^ St.'ili.Lmnry Link* 
tr.f.ion. .Xt. Dcfjn:tii::n, -K' Mi-.-iiaii'i-..! Kli-iin-r.ta, 41). To wt out 
till- Statj.-inary I.iuk Miition : v^ttin^* tlir- tfOc^'litntTs. 41. Xolf lu the 
r.^B-n form* r.f l.iiik:^. U. littiv,' Mitvi.inrn'J nf th.. Link ami the 

Cj-aiik. 4-. S^ttint^ Ui.? Iw.-v.|.'^iii^' (.i^r, 4J. liiHuci-on uf tli^i Mode 

of Si:..l>.-ajion, 44 , un tlic pcnt-Xi of .Vilniiaaian. 43. littlneucx: of tbc 

! ootmeeltiig.rud,46; OorrecUaBa for it, 4£. The Method of Three 
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Ial]>ii?ricc of ll.c ICvjii'iiratiy-j Cita.'i^v L'-iilfrii, I'ilL Of 

tlM CMpboattim of Caal, IM. Coal oiigUt pot to b« aaeJ m a ilaiJe 
fuel. 104. 



ci-n^»-rtnv 111 — i'Mv<;(ujifn dp tiii; l/)mMiiTiY»r i» a 
rxamu-.F. rHAwr jvn warrlj. 

OtjcctJ tu aiiii^i s.t it-.f L-iojunr'tivf » Cftrfinge, IPJ. Da - 
finitioE "f Stcadmc^ c.r i^'-iliility. lii.V 'I'lii- c.'iua«'M<jf Iji;^t.\l-iilitv. IgJ. 

Pn>i-rrr 1 I )> T.ir Iv ryiivti 1 V.iinMiiii'n-. f .^tim r.i vvn ■ r i n «T 

Tilt MliTIu.v uFTtiE ^l.iLUiy t.liY. Ui.i'..:iriLTil Si:Qnn»r\\ If.'j. El - 
ptriiuou'.jt III Mr, <_.t.-i:j-e;o IjL:itnD, It:^. l}ouV.t_- p ^.tog Ij) I>.HiQMir, 
lGr»- Mr. \V, K«Tr.itin,i^h'M t.}»trui r.f hiUaji lt>l, N.ill.ni^g rfr- 



l;t;lJ. .luJ LjucLluBli.rf ILuivav. 1.^1- llfLuii li iiflhr BL-uit arra the 
LJtBl«Il...i:imin i t'r"]virtjoti..i.l •.!.>■ l>viii.t, lu:I.i._ii;..oi l^tlt^maix- 



ofi 



I [It]- Ml! t>i.. Mt.Tio>i.-?>t>-r', -S'n.f- ' ..'^rcllp'i. 1 1.XI, Ia' t_'fm*r]:fr';< iLvt-sti^^tiolu, 1<16. Xatun? of tKg 

lutrmal I.' jturtiiuL; I'orv^'Bt c.^ii.tf'i \>j tiio in-:rli^ '.f i1-p ni ^'hjtaiam. 
I'jty LlmtUfbaUL-Ka causal Liy tliif AL't;uii uf ?:tf;:uu .JU ikii lii^UiQ, 167. 



nil. li.l!-; 



lli.uui:'.rl- vf l.liiiuij.'v, iri*i. Ir.rtur; 



of Lj-3igT.h r..f Chium.'v, Intln-rnr,' nf Tubtf-.Siu f vov, 13^: luf.ueQi: 



of tli^ tluy-anja tln' I il<.;t luhI I'friiU 



city '.if tti..' 



Illfli.l.'ljr.' i.f .V.r-i 



'■rat..', I J7. lu- 



OTIL^ of till' .Vflilw:! 



l.^ni npr r. 137 Inilii 



• -.11 till' t'lri-.iihjr, in? 



tuUfecC ':if SjiiL' auii li^wi WlliiIh i.-j I ji i f'TAlt. .^ij-j ^jl tti.- Turm !►! Cliit^ - 
Ilgy*V'l', lil7. !uriucai:r - t tji-. IVu^iLj-ti' i 
tioe ul thg Lilaat-nn-a t^: th*- riren iif t:ii: 



( 111- ll' llt- iMI lilt 



'vliniliT. 13S roni:Iiliioi;-i 



aa to Th.i o^:l aip]>i-uti^" 



iin.iijiNi iif till' I'liinivut-i I'f til 



I'll tl..- 



blastH 



13-S Fri'.-'.i'Jli I 'l :ji:rl:^Cf .-'i U. ^'^ Vj) ti:i iimctiaAllj' i .f 



inijujrtJttiri', ]dU In 



rrv^t's. Ul.i h'.ft.it ■■irifiiv m.iT, 



i-.iitab; 



oihatwt. 138. 

(;iIAIT«B tV- B«1..T10» IT imE YaCCCII I» TTIg SnoraiinT Tn 

TBI Rats or EvAFotATiQia.— Ersiiontiuu abotUd be aa tlic tquarv 
root of tbo Taoanm, 14|. This ntio Trri£«d hy cxperimcDta am tbr 

GrmRoirl: Riiiliray, 141. Balatiuo of EvaijoriiUoo aod Vactinm in 
boilrrN (utliiTrnUjr proportiooed, 142. 

Caanma V. Of the 1<m8 of Watm asd Stkaii bt Paimsio as» 
CogmmaATioa.— Mi-U' ■ i Kt).. ilin. m, i a. Caagoof I'l nitir.^', i ::t 



Priroici; «i^iHl<;ij 1 v UmLii- 



li-:irni i->;r^ l -IffMn-rtHini. aLi] i 



ritigM in tlKi watrr, U:i K..T[iPiutj"tit.ft .if M, F.vtjil.i 



Le tl.r.-. 



-iii-u. ua. ,„' ti.ji.iu .ui'.i i.rc; 



ikTtcm, l-.'.li, 111. 



. til " fill. 'I' 



4S, C. !! , 1 l.v lu'.. .11^11111.11 of thmc o^ii- 1 iii.i 



rocntji with Nli. d*-. f. R. 



Ki}ifri 



nil .v.. i;t 



«;l!i Nu 



C. K. 1 I'll w'i-.l, il,., rin'.iii, F. iiii.l i: IL. UK 



111'.- Nil-, E 



G. 11, 



.til tlir .\li 



E. .im! O l:, KM' Ti.Ulii I'f thr 



exp^inU'lite, I'.l. IV.luLliuiLi iri.'ir. thr 



4Tir;i'-iii:i, 151. AliviUi- 



of ft^Al writor. T.iIiIl- lit til. Kv.iiMr;iii-N "t" 


'"J 

WriV r xt dillcmit 


t«ilUMTa*-i:rr>J.;iV Ti':-I.: .r Ei j;rr.ia<iuUouiiUUj 


■i Evil M^Tatliin, !.'*!. 


Oerji'i\il I^illuMi->j ■}i ]h:.d:n\i SMi-f.«re on Ui« ratt 




pOULll Cf fu>.*l. Ijj. 1 1.?..- l:*i;iuU of r;imh*^-iir*!» PXJrt 


-i^t•:Tlt.^. l.'o; of 


perur.rr-l:-! r.^Ti ihn ( -T.-.it \Vr^t<rij r.-'ii!" :( '.''7 . '"'t 




Mtliur, l.]7. ritrHulLr: ih'.Jii.-lll/ i:.l!iK Ui'.-liI .. Ii ArHiL-i 




I5^t. iJi^TiU.sir.n rf. v;. 1 uii. LfH ',1 -.hjiA rjtc i f 


1 11 .itJiii-.l] ■'I .ll"-MlI.fK 





II . iy;>i, . iif 



III, istj. 1 u . '..f 



.li >/lil|bu|-^ll 



.wltjlui^gow llrtUwaya^ltsjiJ. 141. T^U^tf Uviu^^Xi^ nf I>ji>jiii'jti^'fH 
nJatiro to priming and CondeniiatiTin. 144. Fritiiaiitiarv t>tjiiiji«? of 
Cotldfiowtwp la 9Xpoa««l cyliaderii. 144. TaKlo of tbo C<i:iili :i.nai J:i if 
Steaii: in (i^trtiilly firiti-rt' cylljldiWa, H5 KAlinrimgaL? I'llii No 



tMft cf Stcam-fiaom, lil ; proptr artaugtiuaiit of Slaam-BoooD, lIVS ; 
propar poaitioo of orifica of uteainpipc, ISi ; an lu Hawthorn's perfo- 
ratadpipe, 152; aa to Edvarda' wpanlur, ISS ; uoficludilig ranltis \M. 
CnAma V I. Or thi Evapukatite rovia or I>)comotite DotLns. 

— ExiKril.lentiS r.f Mr, r> ( !...h:Ii, ISJ.',, l'.i. Inflar-ow of U r.il»;niti.lJC 



Cni.iTr.R 11 Nimmjt Ai. Vau rj ir t.if lNTrii.^Ai- Pirrcaaiao 

l\ir:cLii. — f.VuIrA^ KviriH'*. li.^, lli.|.,i frrtVtitiul t'orix-s 'A'si. Ooo- 



rtri'ial Amlj tiii i f L'lBtutb;u;j B'utx^j^ H^. Kiiln for rrl'i/l l itig 



n- 



VIllVlIl, 



: wiii;;lit.i Vi thi < 'rAfikiijii. IHil. N .imnriatl \'uhu-ii of Dijitttrb - 



in^ ForvYTi, Ifil*-— lilt, Tcndrucy tu jut.:liiu^ aLiJ r.-Uiti^, i7i.i. id, 
V-Tl;L-ii .>L'l:ijii I'f Limtrilj;;^] Forc^, 17" J i, lxiL|f;itqii.ria] >or»- 
rijl'f .\tf Miivcrrii'iit, 17ii 4tb, It'iri/^it^t.il Siijuotu Mr vf njciit. 171. 

rnAT-rtB nr. I'mr.-mmr.^M u wMini srrrc7 Tiir. .'\m.ix or 1n- 

l liim.lL iJltn fF.aiNO Ki-'&nia. — Of tlig P:ti.'ijiii;; MuvctUL-ul. 171. Vi^r - 
tji'.'il ■M'liiiii fi7 tli-1 (Vritnf'.ig^l FiiTi^f I.f thfi Trvi'iUiti^ Weight, 171 
Flat [.'k'-T-M m yhet'i-tyr^ mo o'aiiB.^. 171- Liriiniitud-mU fi^f>.-atiii-iill- 
iiiiitiiiiii 171. iJf tlae Slauiwa Morwnaiit, 178. Caaa of Cramittoii'a 
£tJi.:m-.-A. 17i; 

CiiArna IV. Unauo or Bauxcixo *t CoiKTsawiiBim. — 
Cooditiona of Latafal Eqailibrhm to Outaida Cylinder Sii^He Eo- 
ginca, I73i In oataidixjrUejirr mtijilM) Enginaa, 173; cue of Ooain'a 
Coupled Engiii*, 174; tb<i Civiko KtigLur 174; aU coupled Eiifioa 

by D«rci^i« and Call, !7.|; t,'. H. (iiHj.U Kngin*!, 174^ In«td« cyliDder 
hlii^ini .1, I 74. Iiu:ilu- oy'.iuitiir r^-'tiplpil ti,:iiylK Pji;,OiLn w, 1 7oi f 'saa of 
(juuiliB ?Ji^Liit', 1 7Ji 1-'ratii].itoli Eulmiic. 176. Uintrrbutjou and 
CnJi.-iIali'jij .if Coi:rjtorwi']i;htn, 17'"!. Tn frnl tlir t>:iii-.i of Oriivity 
ol t.^jujilrrwti^bt*. 17ti. 

'.i:<-oK.>riyaa. 



i'UAv^r.r. V I'-xruniMUNrs on Tiir. Hai 



Atu It'JI.ta 1 ..If. PaAtTlCE. — E»ptrmnil:,tj of NulUu. 177 ; of Ixi Clia- 
t...litir. 177, t 'rr^rhlMjiMi*, ITh llnli-at l-nr ('gtiptt rwrightu, i'\t. 

f^llAI-ri.U VI. ('»r-r< .If lii..-rmu..:i.r ii-.ii- Tn T-.H: Pihm««»»t 

Way -Till' F rin of ilic Riul?, 180. Claaranee of tt« RaiUi. I&O: 

Mai:it.'iiADt^i inf tl.i; Way. ISio 

I'llJl-TLIt VLl CaI HHI Ml' IV«ITillll. TV llfK tl. Tlir T.«P AlCn 

WiLAR OF riiE Macui-se.— W^Dt nf riLrt^lit'Li^tii of llic lulcn, IBl. 
t'lK^liiA. Ui.Liartur* "f Whoflu, Ivl. Wi-.u' of tbr TyryM, IM. 

UaAilEB VIII. CoSD.'Tli :.X"fi TnE tiZXEHA:. ,^ IIMS'IKKSXT, 

AMO na I>i*rusmoK or rnx Wkisbt, cmnawrtsr wrm tbb Stau- 
urr or Iioco]i(mTBa,~EznjiiiiEjrTAL ETii>t3icit~t)rdinai7 lusids- 
CjUodf^r KngiiirK, 184. Light Tmk Ennpnca, Coupled EQgiiiea, 
194 Li.^liiUuiHi.|.>CyUodiir Tank LocoBuitiroi, IBS. Oidioar; Ont- 

iLi![.'-< ^ l.mlff 1'n.ivnyf r l.,<ici>niolivf^ ) S.'i, (li;ti.':iii*-C} liliilfr CuUpluil 



I'iuniLc., 1 '^.'i Ari-An 
b-.';i;ji by Sturrock, 



IBH 



ui'.ul of tlip Bpriii^s, 1^>6. 

AiULTiciiD ML'thiiii uf CViuplin^' .*^]>r.Lt.'a. 



C iin|i«!iiRatiii^. 



(:i>llHii;n&.\tii>D.^, liy 1>. Iioiyh, 1^7 f\iliip^li>t;tlt'ju, Yy Hnw - 
1. Ib7 Ufi^'ht i.f '.be fVutrt-' iif Gravity, Atiil tli^ Ceatiift Utie uf 



Tru-rti'jQ. 1S7. F.ii'iUui's t'rr rmiiuag nn C'ur\ im. IBS. 

<-'nArTEF, I.X. F<>fl:T]'j?i ut Titu (.'kj^tilk or (.irav^tt, .urp Ab- 
loni.jur.s r or Tiir .\xi,iai, — lUilati'ip of thi' Ccplry ofGrA\ityaod 

ibii U.aiJ^ oil Ihu Wbe.jU, l!^J. lilllca lor tllcau. :<^3. I li ll UfjisXi et 



COXTENT& 



tb« B«l«Uvg ForitioM of tli» Ontrf of GniTitr md U» Ajtl«a, upon 
tta latdii og tbff Wtiwlt, with Talile, 190. y»t«ire of Um liimil - 
tiuMota varhtiop of Ui» three Uwdii. 191. InltiwDw of Uw po«ittoD 

of the Drtrin;; Kxh in tlw reur (CV»mpt<«i'»>. 

Pwn^i" V ^MV^ .-i r Tli.;ri-<^li.i -IVlrfWl Rlllf« for thp 

Di>|)w;t>u) ot Utc Axigji, m^i lot? l>ijtu-iUuUa:i uf thft LoaJ, 195. 

SKfTTOX ni-AN-ATOMY OF THE LOCOMOTIVE. 

Method of trwttmwit of th« robjeet, fimt, to »how erirtlng prac- 
tice; (MiMhI, to work out the 00DiitnwtiT« j rim-'pl n \r„] ttvl • nf 
ifUaU from pnieti«»l «video«e. 107. litcnJ R.:ftitii>.i» t j pa-i-- d^-t 
Lueomotivat, 197. Cliuiiliatioii of LaoaawtiToi, 197. 

»i-MZCTiox I. — Exmixo EXAMtLcs OF ooysTSDcnox or 

lOCOMOTIVK. 

Chanfiotton of Exunplea, 197. 

ClIAITtn I. OllOIRART pASnOBB-LoCOKOTtTEi WTTH tjntBt- 

CTLUDwa.— ParUculaw of PtMeBUMvlocotnotiVf, with indapeoilf ut 



rhi?p!v hy William r;kirKiirrj M:tn .Mi*--1''r, U'' 



Btopbemoo ; Xot« of Objwtion to form beuinip on drivinn 
801. PkrticuUw of Miiod fMunger-LocCTnotiTp, with hind whecli 



l.«o"tirii;tiv 



rilillTni LI. Olll>l\Alir INyiyMiir 1.1.1 n viTt:vin y. Tii <lrTilrti». 



(iri.iMit d.i- I'AJtirubm of rMWUL^T 1 



lUl Inilr-.ii n<icilt 



WLrt-U, hy .1. V. (inonl;, l>:iijui;:i, ^.lu'^. l'lL^.^l^n^l^^ I.r.i ■-lrll■:^^lv^^ , vvitli 
iliiir^wTiiirtlt ^^ ll.-^lt, 1:11 l'ra:il pt' 'U'* itvit^MU, tiy l>^■r■:l^l:^? rvnii r.lii. 
I'jiru. ii 'c*. l'.ugn-u^t;r L*-':^Jtiiot.iVL-. wiLli Ltidt--p>jb'le:it ^S h...f l.y 

AIt'-vaii:Itr AIliiii, (,'i^3flv, -J I 
CnArrcH 111. Tiuitz Cymnlup. r.L'ME.satn bjciiKcmvt, nivijiu 

& Co- Ktin:.tnvU. u.v-Tl'he- "It. 

CHAiTtu IV. Goi r.'^l.i:! iiKOTiTn, WITH Imi>t Ctlutdbim.— 

Go<xlr« T.^jiii:iiiitiv[. wi'.li Hix wlii^-lii (ViKplftl. hv AKhilxilij Stun^ifk, 



i.ni I nil Uv<-, »i(li tilx Wheel* Coupled, far Bhiitt Bratbere niui Co- 

Co' .,U-I>.KVim'jt.i^ L' svilL SlA wlny.l.<, .-ui.l I'-.'UJ lOirjiU.j. l.iy A Itjliu. Ill 



:;I7. 



I'n.vtTnii \ 1- l.iiiitT Tank I."OiViirivr..i- I>:nvini I'lVi^ » i!h Owt* 
fci-Jir L'y luul^i^ gLil Sii iudcl-<^ui;t?nt wherU, li_> lUilvjrt Sincliiir, (ilv*- 



Cj huili;ra atiij Riur iiuli i:<-iKl<;nt wheda, hy Itobert SiBphcnaon 



Co., Nf^Wi^stlw 



i-Tyin», I'iii 



I ■[l.tr-rmlL \'ll. Si 



liv i^CTjliUt IV 



Boagr^tnT».«l. 



&*r'fry-i;iU'i:'^, 1 , Wti'.r'r--r;iiiiy>?B, ^1. Fraipf.aSI. Spring*, S3l. 



ga. Valre-gw, Sti. Fnmpe, aX 

KB-mmov u.— PBJuciPLw or coMmtiCTioii or LoooaonTEs. 

I«a<tlii2 CoDrtractir* qoalitin of weU.il«iign«<t Eogioe*. Hi. The 
three elNueola, the eogine, buUcr, and carriage, ebauld be diatliKi, 

CiixfTra I. AnAToMT or THs Boiuou— The SbetU SU. Cal- 
culatioa of Smin on the boiler, 234. ItiTettiog, Sii. Uaoholca, 324. 
Rreboiea ; a>tti|iariaao of iron and oo|i|ier la tinhoxM ; Oopfier be«t 
for tube-platoa, SSS. Tobea, CompviaoD of inn and braia b taha ; 
Modcaof fixing; F«rule«i Wearof tubea; Oradatioiuof thiclaMiaa,SS5. 
FtwibI* ptiiKa, tiS. Waten]iaccs aboot firebox. Hi. JimctioD of 
firebox and ehell at bottom; beet in*de with two-inch eqiutre 
bar, repaired, XtS. Wat«nf<u»«agt«-iroini, Ste. Jnuetioe 



bintloc, iii^j. X.«oconwitivg with oat*ide '| 



at doorway, ii6. FineKloaf, SS£. Inaidg 8t«T» of boiJer, aide «tay- 

bolf*. t^h9 ^wi rpotto of fire'Sfix tbrni7i?fi tt*^T?v?^. ?2R Oratce, 
Kr: fr:iii:fi v'.'T. .^-lipAii limiipiT yliL-glil tightly 
fitt<xi ; ^ tjicUiiii d&mper, i^i7. g^mel<iU'tt, ik" t. -^'T- t -luitiKy. £37. 
Bnjler-bracketa, made of hitr-lroo with p«lm«, ami cf 'in;;t -iron, witli 
ili«Uii>alt». 8^8. Boileir raouBtiiig. 888. 8«l<»tT \m1vi^ ami Sfiring- 



bedaneia, pr 



Maoomi' 



■Z'. r.iili- liir »prm|.; Li:iI:i:kl'<. ag9. 



Viilv 



-^ni.'.-,'. Win. I', 



Srrrn -phi^ , Scatn tx>i'k» , \\^ntiT-gT\m;fii : lltratir^g .:itcI». 



CiiAmtit It. AxATOMicai l)i»n;«eiox <>r ran CArjuAu* : Grx- 
KBAL Pbihcifleb or THX FiiAiCE. — Inude Cylinder Ijocoinotivee, 
229. Fnunbg of Primitira Enginee, Bory'a Engine, S30. Sharp'a 
Kngior, S30. Ke(e«til;ofdirei:rtconDectiofM,S30. Bcaringaof driring 
aile; Modem *T«toro of iniiiie cylinder ooenediona. S31. Tnaami*- 
•ioo of the tractive fore* Ihroagfa the frnino ; Outaido cylinder Loco- 
motirea ; Examploa of LocomoilTe bimuDg ; OiigUial CompouDd- 
fnuited Engine; Bury 'a frame; Sharp; Wilaon, 232. BsgUnd, 
Stcpbenaoo. HawtlHvm. Kltaon. 233. D. Ooach, 8t?:rrnck, Bury, 
Sharp, 23.1 Ontaido cTlioder framing, by Adain«,8i>irliiir, Slu^rp, Ro- 
bnrtaoB, Stn:?i-i'.v:iti. Ci-mbpfuu. Hiirlilii-c-m. .T. V Cxicli. AUm. ^34. 

CnAWtu 111. MrrAii-" It iiiE Fmyt — l.r.iij;tiKliml fnun». 
platct , Axil.' x'uiril" ; TnuaiBg,it36. Trunevrrw; traniing, 230. I>r»w. 



Whr-. 



;3s Uiao. 



\vli-.i-l-. .-liilLi-il tvr 



CiiAi-ii - V A\r i -niTxai A»D Snuyos.— Otiidea. boxea. boabea. 

gl'J Spr.ti;:;. 21i' Flexibility of Ppf ing!i. TnriPtjo of form, 241. 
l*li^rr:) i'lf i^pric^.. lliaiea for the rlfmtir.ty nuil wnrkm;' ^truontlt of 



ri:\n-r.ll V{. A»«Twwir.i r>tMTT««inii or Tiia EvoiKa- On.rM. 

nsr-s .t su V.iLVE-CHijgra.— C'ylimlgra. their ntaterUl. and iaod«of flx - 



inu. -2 14 Cylipder«>vier». Steamwi^v* I'nrta 



uU-,- T-li-r-i I 



vftra. 



Kiiiita of cYlindera. gtnlBn»-boxe» nad alrnuU. iV>. Wntcr-coeka, 
inwe-«)cka. 248. 

CuAnui VII. Pmoxa axd lhaTOK'itoM.— PintoD*, roda, packing 
rings, 148. Adi 'ti i:.r packisf ringa, 240. HeikoJ packing, Oood- 
fellow'a packing, .MLin ii pa' k>i;; riogi, 247. Mrtoa-corera. 248. 

<';nnE;> VIU. (linati ii>..>:ik, Si iulh. Hr:l.l: liAlt-.. jl'i. 

<'ii\r7FR I\- f^'iNMi^i.vg FtiTiH .■..Ml C'.jrrLiv.t Ron's. 249. 

C'liAiTKu X. A'.ii.i r: Ml ,\su lliv.:p;^:viT-nr.\[t — Vjilv'^gear. 



1i1>'J-mJ!-. 



'-■:x'--iitni' rvMU, fxp'iriii'!:i:i-.ir.kfi. n-vene - 



iog ahaft. 2ift lUv r-iii; Iavi-, «e<tor. plnj of vuli 



CHArtTK X?. .STrAw- I I BuAnr-riMi, ayi' llr/iri attu, ii' t, 
r'!lAm;» Xll. riiELi-iiMra - F:.iiti£i '.if ptj:iip«. r-..t'li iiK!a, beat 

y-i'iul I'.ir .-Ulivi ry i:.f watrr U_> Iviilrr, ]v.lllip-^ .a.vi J. iMUlcri-'il i f t'nod- 



p^ni p' 



T.i .■itiuiiit* 111. 



mill 



. cariATity nf ffcaj.pMCtpa ; pct- 



ClKk*. Auxiliary Fl-l-iJ p-jiupa, L'.im-f.".'^ l'i'"'pi 



Ufni^i-f»il>, '2.'ui V.ni^i-Tf, lUiigtinn.l^, ^jitiilV.XL's. ^Z-i 

lll.UtXK XIV. M.lTFlllA LB AHll W.; HI K V A Si 11 T IM 11 IX Tlir: 

Cosi-TiiKcnoy ur XiOcuM</Tivia. — ilateriiiia : wrouglil-ifA'a auJ mny], 
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HISIOEICAL P&0GE£8S OF THE LOCOMOTIVE. 



CBKFTBB t 
GmBU HxnoKi or -.r.i: Lrtcowiim^ im 17M 

TIU. 

It would probably bo de«ined an iti«oini»lcncj-, iii a wori 
i rMfi s-ic<ll)' on the iiic^-liiiiiieni of railway*, were nothin<; to 
h« told of tli<> doings of tlii> ' fatli«ri>' of locomotioo. The 
fatheni are numerous, and the family hmn kWR ininniM^ 
•bk; yatthe whole matter is •DlMtaaitially«fiM>M«rfpn — 
Mngtlrtaalty comprised widiiB the titmitt kilf ftMatvry. 
Lo«oniotiv«», though » recent, are alrpfuiy so hoDour»klo pro- 
geny ; and their importance has iuipartcd some vigour to the 
rivalry with which anlagoniatie claims have b««> aupported, 
which renders tlM«ib|«et am «t MmMealA* wft wio B ,«ad. 
«« nuy add, «f conridtiaUe ddhnigr. Al«ng«lli«r, the 
■mjraf the locomotire mam ao artilidtt «pMt«f JMlipify, 
etoftrnd equally by the MantisaM of titt piibSlhad BMt«- 
riaf-' li.rvc ki ll lini;ilrd down to ua by the preceding 

genei^tiuu, and by the difficulty of estimating relative 
merits where all hare been iiidiapatably of e«*«iitia] lerrice, 
and ntuij ham nnniDMi mwbtnniTfl^ and tfaeir latMnm 

It is wril undmtood that raihmjraom their or^gia to tha 
TieoeMitiM of the trade hi eoal. and that thcyweiN la oftn- 

tif>n in El -latMl i-jiily M 1C50. The rails, originally of 
lirnbi r fiiii|ily, wi r.-, in 1760, shod with iron, for durability. 
i:i 17* 7. I'ail'-. < v:'.ir<'ly of cat't'iron, were introduced at Coal- 
b«Kikdal8{ and in IS06, raib fa m ad «t «i»a|^u«i bars 
mn kid daan hi tha aai^honihood of Nmraaada. 

Solid wroiight-inm, thniiL;li f^mj.lMvi- 1 wi early as 1S05, in 
fho manu&cttirc of raiV, ilht.nii^ J but llule cjiitideration 
till 1820, when rail* \'it<' f- rm-.l In fiftTii-fod I'.iii^li^ of 
the * iab4>d1y* fonn, wbteb ultimately became «iu>ikaively 
yatianiaad. Soon after the introduction of llie (isb-belly 
nil, H ma rivalled by the ]«rallrl rail, of ualibni depth 
thioagfaoiit, and wm foally superseded by it. 

The introduction and improrenient of the locomotiTo 
folkmcd gtadaally vfoo the iinpi«vem«nti that had bMU 



Iawde ia tlw pannamiil mgr. Tha §bA aigfarttiii tt iIm 
laaamotive is due to liw fflaitriaw Watt. So early a* 
1769, he EUg;geated, to tho lata Or. Bobiaon, ttir .ippliea- 
ti'in lif r!ir- power of \ho sti-'am-^TiLrinp to llif projmlsiitn of 
. u iicfk'U carriages. The looti'Uiotivi9-c»rriagii> is also described 
in his patent of 1764. Watt, however, ri'linqiiisbed the 
idea, aa he had no balmg for hig^fmaan atawn : and tha 
la tp n wa ii w t of tho alwi«i laigliio bjr atndiBHtioa appaan 
wholly to have engaged the mechanical genius of his time. 
WatCs aympathiee were naturally in favour of his pet con- 
()>"ii-*rr, tliHUuli, i.'v.'H urii-^ bcfiin.- lie li'ira, i( lit'l 

been agreed tlutt ' nature iiUiwr* vacuutiiv,' it is certutn that 
Watt loved nothing better. 

Watt'aGnand and aaaiiliBK William Mnrdoeh. toakaptha 
idaa of tlw aliwii wiiiagu bmKhed by hi!< pati^n, and aao- 
straeted a non-condensing stpam looomotivc of iniiputian 
dimcnaioiia, in tb« year the date of Watt's second 

fMMit. TUalaaoantlfa^plMadaathnawlwaliiiaahaaniii 




F;-. 1- TI,e V'oiliT i< of nijipiM- ; tilt f!iie i>-:i,*<«i obliquely 
through it, and is heated by a ppint lamp. The ejlinder 
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it } inch l^iam€■ttr. and hii 2 iiii-ln-s slr"if ; it i.'ii l1xi-il nn 
tlie top of Uifl buiicr, ami tlu* piitoa-rod u caaoi'cted ta one 
end of » vibnting tM-am, to which klM ia attached the 
Mguiaetiv(4«d for mcki^g Um nank of tk* diifiag aila. 

the hewn, which atrikes th« (kvdilll cf tbt nlw tf h lh I 

and the exhautt «l«Mn paasea tbwagfc tka bollow <tf (he 

Bfiiiirllc, C'iiii; out near the top. One of tlio wlu-^ls mily m 
txtd on tb« crank-axle, and a (ingl>j vlusiA is plju»4 in 
fiont, working in a twivel frame, to allow the carria^ to 
naia»tnallciKU. TiMdritim^wkMlt HvSAiiMimdia* 
aMir,aB4tk*lM4u«-«bMt4f iMb« MotmUMUndinK 
iheae ditninutin diiniiiiioni, this little gnitleman managed 
to ootnin the inrentor, on one oeea«ion. ' One night, after 
rcturDiiii; fri/ni h'.i Aul'm al tliti mim\' m Rt-Jruth, Cornwall, 
where be resided for loaie time, in charge of the mining 
tnginea, ' he wished to put to the test the power of his 
i^Ri>*» ■■■'» niiiMla ««n Umb vakavm, hm bad i 
mran* to tho mlk Miog to tin AuA, oitiatod alwot I 
» mile from the town. This was rather narrow, but kept i 
rolled like a farden-walk, and bomidsd on each side hj hieh I 
li^ijfe?. The nir'lit was dark, arid hi' ulono sallied out with 
hrs fugmc, iightf':! tbi' firv or utuicr tli« Uiiltr, and i 

off darted thn ioeoinolive, with the inventor in full ehaae I 
■Aor h. fibortty oftar. bo hmti iiatant. d«eprir4iko i 
■boolwgi it «H too 4uk to pomho o&lMta, kM ko oooB 
dmnd that the cries for assistance proeeoded from tlio worth;' 
pastor, who. ji^ine; into town on bosinMis. was met on this 
loiiflv road liy tin' fitry iiioiiatir, wliuin lie sab8M|uen(t^ 
dedared l.e took io ho tiie Evil On« in prapria ftrmta.^* 

it is to fitchani TrcvetUck ibot the world is indebted I 
far thi iatroiiiKMO of tho itwi wigiuo wi iiflwyi^Hii^ | 
mMj \f tho fgqNHiriTa 6no of tumm. In IMC, k«^ in I 

toiijuuctioii witli Viviaii, jjatctitoJ tlie appllcalioi, of t!if 
iioi.Hoiidonsiiij; (!ii|.-iiio to [irtipel c^riagra uu n»4lrua»i!i. It 
vtiuH •thvjnui ilitit li^.'liiii'.'.'is and jioriability were indispens- 
able to aiijf saeoeisful atteoipt at locomotion, and b«, liko 
Murdoch, ■( ame adopted the iugb-preiuur« principle. 
Tko fin* atum i^api anda hj TioMtkiak waa tried on 
mnnMO leodk. It laaandM ia fana tho atdiDarjr stage 

i-.w'Iii'!'. haviiij; l»<>."iiiatl whctts in front, liy wliich it wa* 
^uidtd, aud two lar;jt:r ones b«!uuii, wliich it wte dravtiii. 
It bad bat one cy Imdc r. plarid horixoutal, and this, tocher 
with the boiler and fire, which were all eiiclooed tit • eover, 
ma situated kw doaa ik tiM rear of the hiad aada. The 
notion of tho piatoo ma traaaaincd to a separate crank- 
asls, fiwB whioh, tknrngh tho l aJwi n of tp>tr-|Kear, the axle , 
of tlie driviiig-wliufl deriveil its motion. The whwl-axle 
was mountnii wuli a il^ , k> tPijiialice the motmu, iuid to offer | 
brake surface down bill. The steanvcooks were worked off 
the crank-axle, as were also the (urce-ponip, and the bailowa | 
farqaickmiagconibaotioa. latUaaagiaoai^bOMOpgBiaad I 
thohoriratal iawda ayladir, and rha atfoiila tiank artu, i 
awaainiqg which aoma diaaaMan hao ariaen ia hMar tinaa. | 

In 1804, Mr. Trcvetliick patciitsd aiid iiiiul;' ii s/-i-oiii) 
engine in Suutli \S ain, to run Mfou ihn Merih^ir-T^tivil 
Railwajr. It had a cylindrical boiler with flat ends, since 
caUed by his nanir*. Thp furnace and flue were inside the 



boiler, till' latter rPL-urv'i;:.' ai;d l.'avln^ the boiler at the 
fire-door end ; tlw c^liuiitr uaji incites diameter, httd 
44 feet stroke, and waa immersed upright in the boiler. 
Tha mato ataam waa thimra into tba chiiaaay. Xho 
n i ia l i Ttraplab, «pd fannd to Irnn wapb adhioion. Tho 
angino drav 10 toM of bar im^ haiUea the waggons, at 
8 ndlaa par hour, (br a dtauaea «f 9 miles, carrying with 
it suffirifiu M.it<T an ! fui-l for tin- tri|i. The variable 
nature of tti« adiieuuu b<:iwe«u the drivmg-wbeeU and tha 
rails, which, no doubt, occasionally maaifested itself, lad 
Mr. Trevathiak to angpat aasiliaty UMana of priipaliHB> 
FdHoanag up tha pnanaiad ■aeaatity, Mr. WanlriBaBp, of 
HiddUtoo OoUiaijr, Ltadi^ |al(«ad. is 181T, the appliea- 
tiraj of a rack laid alongaida the railway, which was geared 
into by suitable spur-wbeeb driven by the engine, and 
which would thereby effectually insure n rpgnlar progreuiTO 
iiiutioii. Til" pteiu was at waA far some years, and io 
the eagina odapiad with tha fNiiaig, two ^liadan mn 
saoTlojrad, lat into tha bailar wtiaally, mildnib hfaoMriib 
croeK-haads and conBeeUng-rads, separate shafU under the 
boiler. The rranks of the one shaft moved at right angles 
with Ihfi'.rt (if thedlhi-r. Kavii *'hal"t c:»rrifd a ^juir-wheel, 
uiiiuh gt«red with an intermediate wiieci on the sliaii of the 
driving apiu«-wlieel. The engine ran on bar phun iktigtd 
wbaela, unBonBsetad with tba prapallinK appaiatia. Bjrtbo 
aaa af tUa mk^all, tha aqpao a aew d ad gndiaato faiao- 
ceasible to Trevetbick's engine. 

The weight of BUnkinsop's eni;ine was said to be five 
tons, its evsfwration H ruhn.- foet <A wati r per hoar, with O 
cousnmption of 7o liis. uf coai ; it ooavejied 94 tooa «Q a 
level, at 3^ miles per hour, or 15 tons up a gndiant af 1 hi 
16 { Duiainai ipaad, 10 tailaa par boor. 

The nek-raH was not diMDotinaad ontit, by ,iti improved 

'Iistrihiiti<ai of (hi- load on the wheels, it waa provi'^l hv 
Blacketl that the sirnpli- adhesion was sutlicieiu. The iiioji 
important fealurc of "liL-iuiJity in Blenliin^op's (hijiiid is 
the empioytueni of two i vhinlpm, worliiii; al'.ernaluly into 
the same shall. Certainty 01 starting;, and uniformity of 
uotkm, ware thereby obtained, and to tbia dajr cijaiaalaDt 
maaaa far that p;irpriM) are employed. 

Til'' nf\t in the ot df\'ic-e> fir pri i'uriii;^ a [uIltuiu i-^ 
a dichciui;- -^tvuteU, ut ct>ui»t;- — Uy the hruthcr.-t f 'hapfuan. 
in the end of 1812. These worthies applied a chain ex- 
tending tba aatita isngth ef tbs rails, coiled onae rooud a 
grooved whaal canitd and drifan by the lucaoMtivaL Tho 
wheel being; tHm^Hfaond Ha my along tho ahaia,iridali 
was firmly fisad at tha «Etnmitiia, aad pragnaaito iiatiiwi 

was so obtained. en^'in.? thia Itfaid MO triad OB tho 

Uetton iiallway, m-AS ^tintcaintU'. 

But invention waa busy witli locomotives. Brunton, of 
Bottorly Worka, if be eould not produoo a battar thiii(, at 
laaat hraagfat ant aoaiatbiag original ia ISM, BoapflM 
antaaiaton legs to the hinder part of the engine, which woia 
mikad by a specie* of parallel motion, off the cylinders, of 
which tto rc »a» a |ia:r. placed horizoniall v on the end of 
the boiler. Tlnase tega, ' uiuutiuuii uf mature,' »ere itt be 
the means of propulsion. 

Tba cnmnt of invaation in aaoreb of an iadsjpaadanl 
fularan waa amatad h^ iba foad aiaaa aad p ai aaa ataa iea ol 
Mr. BMott, of tha WyliM BHlway. Ho had, ahoM 
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tkia titnr, eonidmbly improTed hitcaghiM, and, hy expert- 
infinU, liad nscertftilied Use amnurit of adin^ion of whccln on 
the raiU. Ho Cottad tlist tb« wvigtii uf tlio aflgino, daly 
4iitrilnit«i «1 tht wIm«Ii, wm >affi<<i«iit to drag, with 
•fdiMijr eMttiBtjr* k nfoirilt amlMr of bMMM miggoiM. 
TIm Mflaioiof «r dw aupniaid tMnmn or Kto haviiig 
been MUbltthed, general attentim MM re-direetod to th« 
mean* of applTinc the steam power to tlie wheels. DoaUe- 
cvlinder fr;^mfs wtre now cicluKivflv r<niptoye<l, as the 
vfiktien, working alternately, alTorded, in all poaitiMia of 
«k. ^gU. .~a^ ]— ^ Urn «*«*hi||> —J «>- -^WAfag 

EMrly h 1914, m mgiw wm «oiMtni«M at KflUngwoith 

Gillli'rv by Gfiir^e Stepliensoti, and, in tlie middle of the 
year, was scl to work. Thi; ero^iiie had .t cyligdrical boiler, 
94 inches diameter and 8 feet Ion;;, with an internal flue- 
toba, SO inches diameter, [laaaing throogh the bailer. Ii 
had tiM vertical cjlindMi, lit Into tha boiler, 8 inches dia- 
Mtor aod 8 (mt stroke^ vmHao^ with o nm ha nda and 
eoHwetiagi-ndi, the propelling gear. The peealiarity of 
this enpine waa the mode of tiirnltii: tlic whfcU — .1 modifi- 
cation of BlcnkiBiop'^ gear. TUo ecgiue vvaa cftrrind ou 
fotir whiw'U of equal diameter; the two axles were moatitvd 
•Mh with a S^ineli ■par-whaal; tlita* IS-iooii tfnwmbittk 
wm 4lipaMd w hariHntal emm Vm of Um uiwt 




JjllflUg nio e*«h other, and into thoM on the axlesi, form- 
immitij«of iiwiiwltiqg M^itbcr. Tht tmuKtingrf^it 
van rttickrf to enuki m tlw wdea of the enter If^ineli 

wheels, from whicli the fj-rnvtr w.in transmittpd t:. .Iriv- 
ing-wheels. The middle wheel o|>t!r;at«d a« a ceguUt^r in 
preeerTing tlie two rranks at rieht anglee, and in equalis- 
ing di* pnpeUing power, it it obrioiu, too, tbat thit 
«niiih* iMide tm fovohrtipm Cvr «n« of iho wkecl*. This 
«^pMt «•* fM m indine of 1 in 450 ; It draggvd 8 
1«oM e n'tlgM , tlom SO tons ^ross weight, at 4 miteB 
per hour; and continued repuhrly at work. Thi- ^imr- 
• wheel motion canted considerable notiie and jarring, winch 
increased with the wear. To remedy this, Mr. Stepbenoon, 
in OMqaneiion with Mr. Dodiit, pttontod, in 18K, n mod* 
of dri*bg dio whaeb Amdy bf ccuk-pini, tf »d in die 
arms of the wheels, one pair of whecb to each cylinder ; 
the crank-pins were caused to work aqnare with each other, 
Uv nii-aiiw of iui ciidlcv^ rfiiiiti. wr.rkiti:; rouiii.l %vhr+U ftttt>i 
with ous» to rvcnve the liuks. it had a third pair oi wheeU, 
between the two extreme pair*, which also was inored by 
tlM diain. Thi* MOtriTaae* npunodad tiw ■■• of ipir- 
pat, and worked welt. 

Expcdii'lifs for ^liniulatliiL' ilir dnti.'ht of the fiiriirt'^i'S 
w«r« not wanting, great height of chimney being of course 



inadmisBtble. Trerelhiek employed bellown far dint ptn^ 
poee, in Ills fii-Bt tiii.'ine ; in his second, made in 1804, he 
lamed the waste strum into tho chiiuDey. Many years 
afterwards, in 1815, lip pnjj.'j^cd two modea of aiding tlie 
draught mechanically ; Ikat, by fiuuNra, which wer* to 
opar^ by Uowisg tteirat Meondljr. by n nerair or m( «f 
ranea placed in the Hoe. The first propoaal of Ouiners 
employed in this way ia, however, doe to the Chapmans, 
who ftnbracrd it in their patent of 1S12. None of these 
nodes of obtaining artificial draught appear to hare boon 
^ at all generally employed. Hw tfUth it, that until 1825 
nothing bat ilMr ift«lt wm wrut wtoMftotod bj thoM 
engafged in tho mnniifiMtam of aogineo 1 aad tho miaosisted 

evaporative piower of the Ixiiler of the old entjinea was, in 
general, competent to the ppiKiuetion of at Icaet as macll 
steam as ciuld do the work of sovcn or eight horses. This 

I WM, of itaelf, ooosidered an aehieramcnt; and it teenu to 
hnw twrtwiid nrf u niml mm in iiwi t td witt milwiyi, ftr 
• quilor af n MHtaiy. 
Tho koMnodwo noHNnod, for many years, very mudi In 

' the condition to which it was hrou;;ht liy Stephenjon ii) 
1814. In matters of detail, ontaide coupling- rods were sub- 
stituted by Stephenson for chains, to connect the driving- 

Iwhoolo on tho aqginoi of tho KiUii^gwartli Bnilwnj i and 
tttA hmtn g qu tngn ««m faiti ipmd omr dio'n^boiM. 
Mr. Niehohw Wood, alao, added wraught-iron tyres to tho 
driving-wharfs. On the Wylam Railway, the engines em- 
ployed in 182i5 nere, in cov.seqiu nce .jf their extrenn- «eii;ht, 
placed on eight wheeU, di^poeed in two groups of four, each 
of which was arranged under a dlatlnot firano or ' bogie.* 
Tho total load being m plaood on two fimaMa oonnootod by 
awivoliing jointo to tho pnnci|Ml fraaa^ not onij waa tho 
load widely distribnted upon the railit, the wheels were also 
enabled, notwithstanding the extended base which they pr«- 
si'nti d. to pass round sharp curves with freetloni This was 
the bnt application of the bogie-frame system, though it h.id 
been propoevd long previously by the Chapman^, wli > >lis 
I ocfibMl it m their potent of 1818. In 1827, Mr. linothy 
I Haekworth, mani^r of tho StMbtao and Darfington SalV- 

wny, a[i].Iii-d (lui M.i^t-jiip<- in tin- c-l:-;ii[ii'y tr. nn i'n,'i;ir, 
th*i Ruyal Gtorgt, cuiistrutttd fur tLiU hiii;, .*iid i(;-arriuij;c<t 
by him. This is said to have been the finit efficient ap- 
plication of the blast-pip aa a promoter o( oonbaatton. 
This engine, designed for «oal triiKe, had 8 whooln, «f % 
I fei-t •liainetar, Aur of tham h«ing Manntad wHh bsoring. 
> { ring's, and waa Iho oaiUtat of u» ^•oouplad wheal daas. 
Tl.e ryliiidcr^ 11 inclies by 20 incbe» stroke, W' ro 
, jiUu.'«d vi rtictlly ov«r the leading-wheels, and fixed to the 
! smoke-box. Th.- fioiler was cylindrical, 4 feet 4 inches in 

I diameter, and 13 feet long. U eontainod an internal tnbo, 
j whicii aarriad tho ira^jiata, bent dovhio inw n honoHdwo 
' fbrm, 26 and 18 inchea diameter, at the rumaeoandeiumney 

ends respectively. Thus the chimney, a mere continuation 
of thr f*iir-, v.;v* .■situiitccl at the fun-nrc end of the boiler; 

iand the return of tlie tube yielded twice the orditiau'y licat- 
I ing surface of the locomotives of this period ; as in those 
tho tuho jNNaad bvt oooo through tho biMler. In thia looiH 
notivo, » oiatom waa attached to ibe imolto-baK, into wbioh 

the wa5tc 5tcnni f(ii:ld be ti;njed, for iK'a'.ini; the fei-d-w.-iter; 

II hero also the short-stroke pump was first employed, being 
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drireu by tlie 6fl«at.nra, AiA sjii in;; balftucas for the safety- 
valves, in place of woiglcU. Tl;is engine iv;.s oap.ibln of 
ewtyiog 24 w»ggou» of coal — iOO Um^ u-n-^'' weijlit — as 
a niglllsr speed of S jbWm per hour, and it rrecjutiulv tm- 
vdbdiritliitoloidiitSjnaw ptrhoor. Iha iweful loa«L> 
ymt, on tU* line. coOTvjtd in tb* doMOldiiig diMe^, 
from th« pita. In aaceiiding. -n tlio return trip«, th« loco- 
motiv« usually convoyed 30 empcy woggoiu, eaclk 30 c«t^ 
making a total load uf 45 t«HI» M gfaffimU mying 
1 in 100 to 1 in 500.* 

Tlw jpmtal Mfugiawnt of th* oU KiUkjwortli locomo- 
tive, as it oxtsteil prcrimaly to 18SS, k nppwiitod bjr th« 
anuuodfisorv. Thaboiliriniiafwimv^l inn, •fUadikal. 




with flat round tni», 9 fvrt loug, 4 iViti ili:wn8tcr; a cylin- ] 
drieal tubo, 22 inche* diauiet«r, pn^^vi iliniugh the boQar, | 
tm imius ckar of tii« boltom. 11m Sin-ffM* wm plaeod 
is «M «■! «f Ae 4 {aat hm§, Tha otbar tod ter- 
miaated in the chimney. Tha Mar Rated oo a tinber 
frame, with springs interpoflad. ^Hw wbeels were 4 feet 
diaiiietfr, fuuplcd. Tliers vers two cylinders Itt vt-iticallv 
into the hotter, vach working its own pair of wliMi*, aiui- I 
natoly «Uk tlie other. The e&haust steam was thrown into 
tin diioiiM]r» ia oompltauce with » aqggMtioo of tha elder 
St a phameBt^ pravieoa ta 18S5, thoflfb tbe bliat ma cot 
considered to be an essential feature. Indeed, Mr. Wood, 
writinj; in 18S3, regarded the blaat as ' an accidental cir- 
cumstaiLct!,' ai)d though it promoted evaporation, it wasted 
fnai, and he superseded it by an enlargemcut uf the flue- 
talN% aad conscqocotly of their beating Mirfiep. The 
ai^na ma pioTided with a tandar, caurrjriug fuel and 
uralar. Tha maxiimn pwCsranmea af tbb engine, weigh- 
ing 6^ tons, riii'l whh ti:!.Jfr, fm?!, ani! waltr, Kt Iuum, «;i.h ,' 
equal to 50 lusu fim^.i load, in.:Uidiiig •jo^iuti aJid undiif, 
on a level, at 6 miles ]>Fr hour; tli<; evaporation being l!j 
•nhie feat of mtw per hour. This was the average per- 
iimiiaiiaa af tlw auf^aa on aavanl oilier railways about the 
•ana tini^ aa «• find from the report of Maana. Watki-r 

- nitttstifntwil JwiMt wiL in 



and SastHcIt to Aa Liveqwol and Manehaslar Bailwa.7' 

(.'ompativ. [intili->!ievl in tliat rii^'iri" with 

Uiiidir. lOJ tons, waj cafial.lo of ce-iivtyiiig a loa4 uf lUi 
tons, or, iiicludin:: engine and tender, 30 tons, at 10 milcH 
per boot OB a laval, a^utsaWnt W 800 tana c«ov«grad 1 mil* 
per hoar. «Mak ta alao dM dn^ aftba KjlUngmrllk aa^Uw. 
aa 50 X 6 = 300 tons, 1 nila par Iwnr.f 

Tbe opening of the Stockton and 1)arifagton,iB 1BS5, mm 
a paseooger railway, and the improventents efiected in the 
locomotives by Mr. Ilackworth, created a taste for h^t 
speeds. This feeling rcndorcti it imperative to have V^lt, 
aolid, and poawfol a^gteoi. So aiueb did tha fsdii^ pi«- 
ywU aboat tha tfana of tha opening of tha Iii«a|iaal and 
Manchester Railway, in ISSd, that the dinietwa, far waat 
of locomotives possessed of tbe necessary qoalitiea, lafiaulgr 
<'01lleiiijil^t<!d I lie ciiiiiliA-nieiit uf statteOIIJ imnai tO WNlt 
the traffie of tbeir liU-uile railway. 

It was reserved for our French neigbbonrs to work out 
ibepcobkm. Thaintradaation intoFunoeof theimparfiet 
loeonotlva of thattna— impeifaot aa finr aa high speeds nan 
dt'Eirali!>' — led to tbe solotion of the qncatioii of \-shl and 
jKiWtrful ruginea. 'The first locomotive*, t'.vo iu nuinkr, 
that were sent to France,' says M. L< bet, ■ were tii*iii.i bv 
Qaoige Stephentoo, and arrind thaio in 1829, for the I^ons 
and St Etiaana Bailtmy, of wUdi M. 8<gnb «aa the 
engineer. On ivial, Aair iieaB vaiaai^ ^ nat oaaad 4 
miles per boor. To ineraaaa the elBeieney of hia engines, 
M. Seguin fi'll llio II -I i-.-!tv i f increasing their evaporating 
power, and r<aoived to appiy a scheme of his oivu to tli<- 
engines be was about to construct (on the model of Stcpli' ti- 
eon'e)— a aehama which ha had chariahad ainca 1887 (and 
had fntanted in Fabmijr Ua^amd nWehaemiitad in unl- 
tiplyiog the heating aurfaee, by anbdrndlng the onmnt of 
hot air into streamleta, which flowed through a series of tubeo 
immersed in tbe water of tbe boiler. The ibod of tlu 
tubes increased amazingly the beating surfua, and witli ii 
the evaporative po.ver, and it is precisely to this evaporation 
that wa ai« iadabtad Cor apasda wliiah be£m won tboo^ 
impaaiilila; But anolhar dilahlty ptaaealad itaslf; tha 
height of the chimney, necessarily limited, was iiiecuipe tetit 
to maintain tbe dtidt, the resistance of which «ax niueli 
iniirca-'x^d hy the in'Te-iHe' of siirfaca in ilie new (miIit. 
M. Segain, therefore, added a circuiaf im fur promoting 
the diall, and a was p.artialiy succeasful. M. PeOalH* 
howasar, oaa^latod tha soliitian of tbe praUen, liy a^g g ae t 
ing tha alaan jat In tha chimney ; and, aa luaal, ia«gtY«J 

appropriated the invention of tbe two Freiieli etii.nnoors.'' J 

The suggoetiuu muI .ip|>lit.Alj'jii uf ih^ »u!KijviUe«i tabr4 
surface is, by common consent, ascribed to M. Seguin. 
Tba steam-jet in the chiainigrt tboe^ no donbt invautad 
independently by Pellelan, had ItaaB^ aa wa hnaa mm, pva- 
viooely apfliad hy fltaphensou and Harkivorth. It wm, 
bowover. at tha aamathne, but partiaily employed in thia 

i'ounlrv, we niuv iiifi-r from tlf iib»erii'e- of tlip jet in tlw 
•ample engines sent to Frauce. Tiw lueiiiud of tbe multi- 
tubular flue and the steam-jet are parts of oaa ayataa: 
they oo-aaiat aa natwaily aa the ooiidcMser and airfunpaf 
WatTk eiipiiMb Thafaiaaaiatitrawaana4iipalarthaa|ipli- 
cation at tht tlaat pipaj tha laqua and nonmii aat ity «f tba 

tWeslsaatMa t UhiasGiiiriw*Av*fy«iM. IM. 
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flii»-ta1i«, wUk it prMent«d a rery mtrieted kre« of heat- 
iii:; Kiirfufv, pennitU.-il ^'riat Mwilijiii 'if circulalifJii, ;>v.J tlu' 
gT<!*ter length and ei;rf.i:i> uf HarLwuitli'* iloul>leti tlu*. 
cnmUvd hint on &c 'ount probablj, to «iiiplay the blast 
wHhgtektarinoBtwthau lud bwu iloin bjr tili predcfo—ora. 
A^ala, (k> MbM of IL Stgaia, wkib taciMatd <k» 
iicAting turfucd, iucraued tb« friction snrfac« of the ilu« way 
.■umaltancottily ; and h«re it was that the aid of roeohanical 
expedieota became more than ever iL ccb^arv, to u[ihuijl the 
requisite rate of combosttoo, I'liti mvthixl of tlm steam 
blast, therefore, of spoutaoeou* invention at home. wa« in 
FnitM tiM «hikl of umm tf, Tlw tvliM IbniNd th» liok 
bftwim lh» finJwx and tlw j»t, and tbu fhe praUem 

uf pp:iJu^":i2 .1 li;;lit auJ [lowt'rful ly.?vri:o;:v--' ivas kiIvl'J. 

It was ijt't'-riiiiiic'l bv tLj rlip^ctur^ uf liw Livapwji 
Miii Maiii'iii--i<T Uailuay, irn-ijici-iivr ..f what had hfvn 
lioing in France, of which probablj tiiey were unaware, 
to olTer a premimi for the best locomotive enj^iae, which 
■hoiild diDK, Ml » lenl plwMk tfaiM timM Ua mm waiglii, 
■t 10 luila par haw. Th* trial mm Ut tak* plae* e« a 1} 
mile stace, with one-eightb of a mili' i-slra at uai V. > nJ fur 
startiug and (topping, and to eouoiiii i>f iw^uty JuuLiie u ips. 
The engine was to consume ite own smoke, the whole 
waigbt of tba engine and boiler to be earriad npgn aprings, 
aad ihaaild tha weight have exeaedad 4)- Uut, Hm engine 
wn to km alz vIimIl Fnm thia time, 18S0, ba 
4btad tha ota of ndun laaaaatmi in Englaad. 

Three looomottVH mn ]nt k ibr oonpatitioa, vlt.:— 



HiK ki;( . lloliert Supjumaii, of Newcastle. 

Sai>st*i«>U- Tamtiij Uantwattb, of SUUob. 



Jn Binihi*"* 





Itailwar, to whom the morit of thoir Inrentton is thta 1 
Irv ii I'Mtimiuiilv ascriliui!. Thu Liuil'T cr1i;ii!rical, with 
Uat eriila, 0 ittct lutig, and 3 feet i iuchea iliameleri the fire- 
box, in the rvar of th* cqgili^ t ftct Ing, 9 feeC 
bi«ad«aad 8 feet deep, imida a m i aii ni ^ and waa awwaadad 
OB tha tarn aidaa, tha tmt, and tha toji, aa axttnal 
raae, afibrding a 3 inch water-epaoc. 
of S5 tubes, 3 indiM itiamcler; the 
cylinders, tvMi in iinuiij'r, placed 
obliquely iifxt tiie lire-liox, and 
working the foru-whoels, were 8 by 
1 6^ inehaa atraka; driviof-wbaib 4 
(eat S| in^aa diameter; the carbanst 
pipes were originally amnjffl to de- 
liver the Bt«am diracUy itam tho 
rrliuders into the atmosphere, tuidcr 
(he imprcisioo, no doubt) tlutt the 
abundance of healing anrface, un- 
aided, would have emnmaDded an abundance of eteaat. 
After tome preliminary trials, however, prsvioaa to theeom- 
meneement of tlie ruinpftiduii. diiririL: "5iirti tl.f' Mipf-r'n-.- 
evaporating power of the Samipareil, with a »liarp blaat Iroin 
the exhaust directed upwards into iu chimney, became 
appanot, it waa leaolfad la dieetauge the egdiauet ataaiu of 
the Baafcat lata ttechiomgrt and on tha aaa af the lint 
dn^^ of tha trial, tha axhaoat pipaa wen dimted iat« the 
diiiiniey with a« npmril taranhtatiwi Tha bi-gnte aoiw 
face was 6 tm/bi Hia-box lufiMC^ M feat) tab* awCwc^ 
11775 feet. 

Tha San^arcil had a cylindrical boiler 4 ftat S i 

Dd 6 feet long. Tho grate aD ~ 

l«.«aH0MS«q-i^ 

WW/ 




an! Ill n 'I Umutln^nc Mu*<ttil. VtSi. 



aitntadatodaapdaf thaboaar,aiidaQiueeled hj aam 

flnotobe, yriA one Vend. S4 hielMa diataeter at the fnte. 

with tiiuhitubulur llufs. Thf lalwi wtic aduptcil Lit tin- and 15 niclj<-i< al tlin clii ey. The grate wan .1 fi*t luuj 

sqggtatioD of Mr. Booth of the Liverpool and Manoheater |J by 2 feet broad, and was oreihai^ b/ the boiler, by the 
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a.!.Iit:o:i <(f M<n!eircular «ater-cliamber«. Thn sti'a:n was 
thrown into the chinmer to stimukt* tb« dnUi, by means 
of the blast pipe already applied t« tlw Sifll Oaorge. The 
wpUow of tiwdwft 10 fW(toMd, h iiiH i »<wyt*M«iit daring 
tha •gfutfaMutu, Thot— ^y l iiiiii » ,7li|y ISf 




» ibwoi wttttdjr «Mr «IM ytir of whadiit odA A* ftar 
mkiob mn 4} liMt diamotor, eonploi. The gnt* snrfa«« 
«M 10 f««<; Art-box awfaee, 16'7 feet; and lube earfaeo, 

74-6 feet. 

Th« NoTelty WM peculiarly cooalructedi the fire-bos woo, 
lite dwt of the Bockel, ptaMd ot ODO oud, ornhfod b tho 




water of the boiliT} it WU 18 iliohao diameter, close at the 
bottom, and M thnogk as aiMf^ kepper. The floe waa 
• d^BlitaK^iMiMidiHMUral tlw ftnOm, S iiahM at 




tha cUnaay, and S6 fart loag, ttamnfag Aa toilar thioo 
tlBMO. Tho in waa lugod bjr beUowa, ailoated near tbe 
•UiBaej. Tho tngutt had but one i^lindor, 6 by 12 iaelMO 
a(nlnk|ilaMdmti«nj,HiddiMi«aiia |air«r vMaH 



feet diameter, hy means of b<-l!-<Tanks ; the eteam waa 
exhauilcd dirwlly into the ntiii'jephere. Grate surface, !'8 
feet; fire-box furfaoo. !) o I'.H^t ; tobe sorface, .S3 feet. 

Tbo mpoekivo woighu of tho thiao oqgtoes and their looda 
h wnUng «te mn aa r ~ 




Draws weight. 
Total ««i|bt of Tnb... 



Taoder S 0 » 0 

Thna leaded esrnacas...lO 10 t 0 



TMalwolgberiWo.. 



.oidawTsoflaak.... 

Tank. UiiuLsl 0 10 0 U 

Two Uwdcd canii^ G 17 0 0 

Dnwa 



TMalwa;ilt«flWa. 



...17 


• 


0 


• 


UM. 


SSI. 


o» 


■a 


4 


» 


t 


• 


t« 


• 




0 


...10 


S 


• 


0 




m. 




■k 


... • 


t 




0 




li 


• 


M 




14 


« 


M 



Tlie <ir.iwn w('i;:lit« nttT-lii-il tu tlie Rocket and the Sans- 
pareil were the regulation lovls, three times the weight of 
tbo ongino. Ai the Norelty bad do tender, the sarao earry- 
ing-woight waa aaiifB«d to it, in prapeition to tho osdaaifa 
weight of tho oagiM, that adatad ia tha a ip w l Ba m with 
the Bocltet. 

The Rocket wao the only engine that aocoinplished tho 
stipulated dii'taixc mI' 70 miles. It« svi-raLv ^[h' 1 on tlie 
ctago waa 13'8 mile* |>er hour ; the greatest velocity, in 
any tripk ma 29 milco per hour ; the consumption of coke 
JMT nik, par tan of total load of tiain, waa (IDI Iba^ and 
par calia fcot «f waiter ovapoialad, 11-7 Ibt.; tha arqieta- 
tion, 18'84 enbic feet of water per hour. 

The Santpareil ran a irt»tanir* »f 27'3 milc!'; avi ni^e 
speed, 14 miles; grcalcet ^><^^»^. 22"6 milw ; fiiMsiitii[itiori 
of ooko por mile, por ton of total load, 2*41 Iba., and per 
(Mtaf murav^oratad, tS-SHa.! tr^ontioiH M Art of 



Tho Korahj, by a aeiiw of nnfertnaala i 

twici- in the midst of tile cxporiinint". Tlw ai|^ah vith 
its load, traversed the stage at 15 mlli'« per hour. 

After these trials, the orifice of the exhauxt tube of the 
Bockat waa eoottoeted, to sharpen tha blaot, and promote 
tboavapmlioB. On trial, «te aRiina aoapaiilad 19-6 ieat 
of water, and conreyad jn aaaii^ bad cf 40 tana at 1S>S 
milea per hour, with ateaai at 50 tbt. No Dotes of the 

coneumption of fuel wit-j t.ik< ti. 

The Novelty also uuderwcut vunsidi-raLlo altcnitiulM ; 
araongit other*, a aeparata eylindar waa applied far woriting 
tho boHowa. At a anb e tywirt trial on tha ai^ariiiaBlal 
stage, the aogino eonnjad a total averaga load, tla own 
wei^t iDclodod, of 28*9 tona, at an average speed, on tbe 
stage, of 8 mile* per hoar. The coke ooosumed per hoar 
waa M Iba., dnriag 6^ baan, tha billom bains at worit 
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; the uliib of dw» Mite, Th* 
jtdtuhnt til 0^ Iht. pir ton ptt : 
Thtaitnttg* of «rt««4«d f m tai&M IwTinif wteb- 

lUhcclf lh« boilor of uut! t>r ilifi olil KllUnrjwortli tnt^int'rt was 
altered bv Mr. Nickolan WauU, au<i iilUd with tuUuW Hues 
to the following (iimenMoat: — boiler, 9 feet 2 inche* long, 
tad 4 iMt in dkmeter i ellipti««l tube, within wbidi th* fir* 
W»fhM<, tihyi* inehas ha^ and 4 fMt 6 ioeliM iaqt; 
gnte n»lM^ 10^ Cittt ln4<nMufiMt,88*S6lMt: tu^ 
tkfw tiibtw, S facliM diiuMter, and H ^ ^^1*' ''^ 

of snrfat^c ; Nfi'li'iiial area of tuWs, Io5 iriclu-s. With a 
tut^ kaii of 70 5 iom, iuclu-Jiug «i^giu8 auJ ti-jidvr, ibe 
speed attained on a level was 9 mile* ; the eTa{ioratioD wa* 
47'S flak of walar par bm, with a nsnaomptiiHi of )4-7 liia. 
«f CMd pwbotaf iMMr. ^jr aaodnr c^vlBiMit, wJdi k 



total load «kf 40 ton, at a ^eed of 9 miles, the evaporation 
mm 40 fiMtaf mtar yarbav, witii U*t Ibh al ccal |>rr f.>ot. 
1b both of tlieaa czpwunaata, tba atiam blcw nu' otr at 

tlliJ %-.llve. 

Ekjn,riui€iiu tture ui^iilf Ijv Mr. Slcfilif'ti.-oti on t«ro new 
engine* eonatracted on thr |jr;nci|<Ui> nf the Kocket, namely, 
the Phtaniz and the Arrow, with a niueh more extandad 
flu* mrfiwa. Th«a* aogines Itad, napactjveljr, 90 and n 
ttibea, 2 inchea diameter ; their boiler* wert t fat ^aoMir, 
and, reapectiveljr, 6^ and 6 feet long; grata amftaa of both, 
ti fi'.Lit; ljr»>-lxjx Kurfacp, 20 feet; tubo eorfaoes. JHH/O anJ 
•2b^'>i Seal rt;»i>e«nv«ijf.« lite average rasnlu oC ihi iiisla 
are plaeed in the following Table, in which the expert- 
aanta {owriaaat/ daiailad an rodoced, and daaiified for 



fn noRNnniHik mKHusBom tm 



Kirt-fnrt*. 



KilliDiprDrtfa (oM) , J 7 0 

Rocket CO 

K.<li-»(»l»«ed) ...! 

Sii:i=r,»reU 10 0 



Novelty (altered).. 



Killiag«eitb 0aipi«i*d). 

Amw « 



No. of coltamn.. 



I'n 
tit 



10-9 
UO 



11 s 

200 

fC il 

1V7 

i( .'i 
u 'i 

22'iO 

200 
10-0 



iffTW— 1 



I 



8074 i asoa 
117-8 ' m-3 

1I7-8 

."..1 « 



130-3 
178-7 
7-i 

T I 



101 -A 

sw-o 



1»'0 
282-7 



10-0 
24-0 



■ i 47-8 
j 400 
I 84-4 
I 440 



far loBi of I pff ten p« 



18 34 / oen 



11 7 



147 

132 
0-4 
6S 



081 

2 41 

03C 
11U6 

lie 

0'7R 
0-67 



Tnin. 



6i) 
138 

I3;t 
1 1 0 

BV 

00 
90 
10^ 
121) 



a 



I 



T«i. 

so-o 
17-0 

47 '45 
lU 1 

lu ; 

28S 



70 
M) 
41 'ft 

as 6 



100 

7'48 

7-i5 
il 11 

ast 

386 

lO'ft 

7 0 
70 



lu 



In the Talk it ^i^iu^, ilm: •n'huu tlio aid Killingworth 
engine moved it total load, including itaell^ of 50 tona, at 6 
iiiilaa par hour, tlie Rockat, whaa altered, movad 47*45 ton« 
■I IM macs per hoar t nltiMtiiif tlMawf|bU afaogiae 
and tmdar.tbaiMiltdMMiiwWtaiMateimla^wd 40 
tana at 19-S nihi. Tfana tha Eoolttt, friddi «aa 85 per 
cent, lighter than the old KiUingwortb, did iihiic tli.-vn 
doable work. The evaporatioD of the Rocket, luorcovcr, 
nearljr double that of the old engine, being as S9'6 to IG 
laat o( water par iwur — a anpariority owing jointly to the 
giwtor Iiaatiqg avrltM, and l« th* aharper Uaat of the 
Boekat, bonitkatandioig it* amallar pti* anrtaea. How 
miieh dapcnded on the Uait, may bo hnaA from tha rdatia* 

evaporations "( iIk- Iti>i');i-t iM-f.pft" ariJ after i'lc iiItLTitiun, 
which wore Ib'ii and W'ii IVtt of watJ r pt r hour. I ii cmui- 
pariug the }Wkel,a8 firet tried, with tiit- ultl i iitziiic. thouph 
ibair ralaUve evaporations were 18-24 ami !0 feet of wuicr, 
til* perfuiutance of the lonner was the infiTlur, l.i-iiii; 
cqvlwint to lU tona at 1 uU* par hiwr, wbiia that of 
tlw olhar m 150 ton* at I Mil*— a ^faiaiMa attiihaldbla, 
partially to tin.- ah->irjjth>ii uf a p rtion of power in the 
exhaaetiu); action i f tliL' l>Ia$t '>f tfi<' Kocket, and partially 
to the escape of a j;r>.;it^ r iiii.diiiii "i iiriijin]ih._vcij hi-al by 
the chimney. It i« remarkable iiutt the two «vapurationa 
ahanld be *<> nearly the same, when the ht^ating botImv! 
ate, in flump. Bo Tariooa ai 41 and 1)8 fat. Tbia 
ia axpUined by the diAaiiDt anaigr of UaiW in *■>• 
BMikat, to mintMB the ^»fai tha HMtnOn fMe- 



little more than ons-third that of the old engiin. With 
tlie ea«y blast, nevortlieleaa, th* heat of the fuel wm per- 
mitted to b«mo(« tborongUj astneied, in the ratio of 11-7 
Iba. af eoka per foot of water evaporatad 1^ tha fioeket, Id 
18-94 lb*, of coal by the oUl engine. 

The L'liti-siiiiij.'ti^in of fufl by thf Sauj^jparell uafl txirav:^ 
gant. Thia wiui liuc t'j ,1 special iiii|H'rf'.'i.'tiu;i ii) um- of tli« 
cylinders which luni Ih-i-i, iiniH rfi'cLlv •■■mi. ami had h.:eii 
reduced at one place by Ijuriu^ to inch thick. Tho 
engine had no sooner commenced working tliau one cylin- 
dar bant, whan tha nwa had to b* ran with ono parfat 
oyKndar otiji lAUat tha faetma af tha athar aaa opaaad 
at c'vi r_v stivks a direct oonimunication between the boiler 
and tlic hla.-'t-pipe. The fuel wa* thus dragged from the 
iirt^l.xix ill ?<ili(l [licco?, aud »a? bluwii uinMiif uiiii-d ll.rii-,ii;li 
tha cliimney — a rsntit which culGcienlly explained the 
inferior eoouoniy of fuel per foot of water evaporatad, eom- 
pared even with tha &U angina; tha eoumnptlaiia betqg, 
respectively, 28-8 ml IS'M Kn; fbaugh the pnqnrtioBa 
of tho boiler «nHaoa of tha Sanspareil are superior. 

In the Killingworth new engine, with a heating surface 
thn-i.- iiiin,!i tliat "f tin- iil.l 1 iiL'iii'u and a grate surface fii":,v 
one-JiaJf greater, there is m uue experiment three times the 



r.rnril iiii tmir «Wvl,, of vhicb Um <lfivinf-«luil* «m t tnt ia Akmmmm, •nil IW 
c^rryiiir vbnk 2 fni 0 iacbm imuma, n«am*'< crliulBxalDlj IfiaekMi 

Ii I g 1 i irn I I L I ii I ij'a iiiiiiiiriiiiiiiiiii i' 
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iWfMiiiDB, i^h IcM coninmption of (iiel per loot ttwakn, ' 
tbt mittmplwn pr roite p«r tou u gr««t«r. Tliii 

proves tlie elEcirney ot rxtcnJed heatinr; surface for pur- 
poses of CTa^ration ; it prorcs too tliat super. or cvapDia- 
tton wM obtained »t the eoct of tttm" pn»rr in <lir hUf:. 
vbieh nmlMd in a gmter oonaumpticri oi fm l |»<r tgi> por | 
■Ocw Bat Ulii increased consomption was doe not mtretj 
H fatiiMi «l tMMul amfcM, in tl» wtio of 1 to hit | 
to • dimimiUaa «f fltctional im of 111*, Id till* nlio «f 

.1 ii> 1. nearly. I 

Tho oxpcrioienle witU the N.dvcIiv ai.- : ....a. AaKie. This 
msiiiic was proved, when fairly trivil, to hive cuiisumed leas 
iban h*lS the fu«l per ton per mil« rnKjairtd tli* Hecket, 
nolerlUHtMdinK the closemeas and eontract«d mcHmiI 
aim af thaHiMaC tli* Nonltjr, whieli was bat oMtaWtT* 
ttOt flf tint of oWbtr of the elli*r emnpetiug eogiiMe. Tli* 

tn.Kte Ijf sljitiulatiri:: r,'n;!iufltii'n hv cotrl[j^t.^^illn. .^ lopted in 
the Nuvelty, '.v.vi, ni; aouh:, tlio t.^iuce of the oeaiioniy, in 
ronjunctioci .villi tiio very mu -li tr'. ati r iirujiortion of heating 
stirfaw t« liie arra of grate, e»pe«iaJl_v when intensity of 
ui'lii'ii was essential. 

We need not kiiger dveO orer these rudimentary exp«ri- | 
n«Bla. Thejr ln*0 enlted die purpoee of exemplifying 
S«D«n>lly the nature nf itn. > . insidcratioiis to be rpjardcd 
in the composition of liu Soii^otive engine. The exj>pri- i; 
ments indicated plainly in what directions improvement was | 
to ha hoped for. The steam-blast pennittvd the use of 
•-oke tu fuel, with excellent cflcct ; and from the tinM of the ' 
Ui«I««ll8S9iin»7bod«it«itlM|[eiMnl«M«f cikoMfMl, I 
in pnfemice t« imw'eMil, u it alimMd Itn ttune, threw olT | 
K-ss sni iVi-. in.! in ; irti .l q«iil« as mucJi heat yrr unit of 
wsiglit. W'lnle llm Bitckct had twenty-four tubes of 5 
inches diameter, the Meteor had eighty tubes of S inches 
diemMer; and the Comet, the Dart, and the Arrow, aioetj 
S-IbA taW The builera of llic«« four lfr«t ei^M, whiah I 
wm ludt, MOB after the B««ket, for tho Livwpool aod I 
HauebiMtor Baihny, nwe not greater nt IImbI diiunaioM, | 
bving 3 fi.'. t ili uiii t-r l-y C, f.it 'mi::; the cylinders, how- 
ever, in virluc «1 tlie jfruakr nviiporation, were made 10 j 
inches in diameter, IG-inch atrnke, with 5-feet wbeeU. In 
tho NorthDmbriaii, and otbeT succeeding engine*, 1| inch 
tubes were intiodwiad, fh* boHw WM leDgthened V IimIni, 
aad the egrlinders were made 11 inches in diameter. 

Th* first eight engines made by Mr. R. StephMMB lor 
the LiTerpt^iI Manchester li.nlway, including tho«« 
just noticed, were made on one geueral plan: 4~whe«l engines, 
(all and square, with outnide eylindvrf in an inclined posi- 
tion, and mrktag on crwk pint fixed to tho dririajf-«he«L 
Thtm M^ata, Jioai their ehortaaaa^ an! boa the ntmM 
tnoimiM dlManeo of the cjliDdera, wtn aaaM|itib1e at high 
epflodo of a violcnl oarillatorr motion, whieh orentually led 

to their ah-indMriniLiif-. 

While Mr. Stephenson was carrying out the [«Tfii tiij:i.T ' 
in the detail of his locomotiTc-boilers, Ilackworth was | 
e^oaliy hoe; «n the Siookton Bailwaf . U* designed a kiei>> 
rnvdnt Ow 'GloH* hiult hy Uwm. StophauM k Oh, 
pnkmt to 18*0^ eaBrririiv lha Ubtmy omMMtioM. 
The vhetb mio fear hi munher, and eonpM, 8 bet in 
iKaiiiei-r, being Uie largeet (hen in «-«o. A single straight 
flue parsed tltrouglt tb« lioiler, containing the fire-grate at 



one end. A aariia of anuin water tihia wtn iDMftad aa 
beating aaifiwo diauatrically aema* tfaa §»», in a ipnal 

orJcr. through which the water of the bailor etrcutaicil. A 

toppt-r (louK. was plaeod on the lop of the hoilt r. .vi a Ktcam 

cliaMiher, wlx nci- tlii. iiaiiit' of the Ifi.-oinotivo. Tli."' ovUniier* 

were placed benoath the boiler, and inside tho nhoclK. aloog- 

aide of each other; and worked the drivieg-uvli- liiree^ 

which was for that purpaat fitted irith two inside eranka at 

right angles. The TiJtg gea r Waa laiwaad by a ainfit* 

levfi. t«o drivers heln^ plac?.] on tho atle, one on eacii sidv 

of tho pair of crcoiitrio^. 'I'lie na<rr-tubo», borroweii from 

l'i;rkili-<'< hoLh r, tli<iui,'li ihrv iocreaeed the heatinf;- Purf**^-, 

were epee.lily dMtrovod liy the aecomulation of mud in tbeni, 

particnLiily those- whicli lay horizontally. The Globe, nerer- 

thalaii, IrM|Mtttljr attaaaad, it ia aaid, a apiad of £0 ndla* | 

perhoar. j 

In 1830, Mr. ITarliworlh do^i-n.-l U'.o ii.-w .■ht-^. m of | 
locomotires, to mett tl.c iij.rre.iio of ti afTic 0:1 the Stucktuji I 
lilii'. It] thrjae he inlrodtico i tw i var ..11(18 of compound flue, I 
the tirst of which comprieed an arrangement the same as 
that already described for the new Killingworth locomotive, 
and bom which prohaUy llr. Wood derived the idea. Ihe 
•oeond Ibm of Mlar eontatoed tho '(netum mnltihihitkr 

firc^tobe;' » single fln* W;>< pa^si-ii ri.-hl ihr.m^h '.hi- hciliT. 
.md discharge<l its contentn i:iu.. ai: ^:uim h i !i .i.i suiukt liox, 
whence a number of small tubes, 1 1 t irtiui.; through the 
boih-r, conveyc<l tlio snvike to the tiru-box end into the 
terminal smoke-box, whenco it was discharged into th* 
ohimuajr. Tha aaeeod |ilaii of boiler piwvfld to ba die h«it 
of it* daj tut the general trafie of the lino, both aa to 
economy and durability . (h.- flu-s have frequoutly been 
found to endure six ycais williuut rcmoTal. In the sani" 
locomotives, the cylinders were placed vertically at one end of 
tlie boiler, and the pistons went coupled to a leparalo cnnk- 
shafl, hung directly beneath, haviof two eranha on ha ex- 
treaiitjee, at r^ght angha to each other, and frooi vyiib'th* 
whd* eet of wheetl were driTen by cotipling rod*. TktM^ 
lalv. ^ Were driven rn.^h hy a single eccentric ; aadtlw*Ma* 
EtM-tiulricB were employml t<j work thepooips. 

The first engine made by Mr. Hury wm the six-wheel 
engine Dreadnought, wkieh wa* piaoed on th* Liveipooi and 
Maochecter Baihraj on Maidi It, IMO. It waa tao Imrj 
for the rail*, aad was on tlutt »«eaiMH awdtamud. His neKl 
engine waa the Liverpool, mode ferttietam* railway ; it wae 
mode with iti-ide h'>riz..r!al i.yliii.ler-, i!ii!ih!(! crank- 
axle; the eyliiiUarss wcr.: 1- hv IS inoiitis; iha »beels, four ' 
in number, were 6 feet i!ir.iii. |.-r, coupled. This engine 
waa phK«d on the rail* on July 22, 1(180. it waa tha fnt 
of adaaawhklialtomidagatflXtaiirifa^iBto nBe,aBda{ 
-litnh fnrihnr nitiiia Ta rnairrnfl fur ami atia|itir 

Tha FhuKt, whldi waa th* nbtth «D|ifno hullt by Mr. 
Stephenson for the Liverpool and Majicheitrr Kailwav 
enibraecd some conspicuous improvements ; it was the eom- 
bination, in fact, of what had previously been known ; the 
multitubular boUor, tho Uait pipc^ tiie iniido boriioatal 
cylinder*, which ware pfamrf inalda the amoMias, aad tha 
double et*ak<axla, Vkin migm» had Iti tobcsi, 1 ( inches 
diameter ; and th* holler waa 9 feet dhimeter, by 6^ feet 

Ion::, y'llitii:- .i hralin^' surfac.. .if '.il'l'i fi ,1 forlli- t'rre. 
box, and 370 for the tubes; the cylinder! were 11 by Iti 
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inches. auJ the four wliffln {■-•vt ami .') fiet diauicUir ; 
the weight of the engine, ciriplv. \v.i.> 8 t >iig; with coke 
nd watar, 9 (ona; tundiT, with eoko and water, 4 tons; 
nikiqg a total «f IS ions. The engine k Mtid to hare 
taheo, «B ttt €ial uiil, on DaomUr 4. 18SM>, » tnin of 
n tvwof fowU Md j mungm bm Uraipn^ to Him- 



CH APTKB IL 
Qexekal Hibtokt ok thk Locohotive, 1^11 isal TO IStO. 




Tu incNMid woigtii and apotd of tb» loeooieliTW ra{ij*li«d 
to tilt UvMpaol and llMNhMMr Bultrajr, g»vo rioo to » 

new and unanticipated dif- 
fieulty. The IWket clasi 
ofeneinc, 'ii \vnr!<iii;,'<irii9r, 
did nut weigh aiiovo 6 ton«. 
Thh Wi%)it diMribnted 
MMfit fear wiMolt, did 
iMtsflimI oboTe SO t» 
earh driving- wheel, on » 
railway which was laid ori- 
|;inally with o'l Hi, mils, 
Th« additional weight of 
tb» enginet of tlio Plan«t 

kiadiiif the nuts andar flio 

driTinp-wheela witli 
toni, or 2} tons to cucli rail, 
>pc«dily disorganized th« 
pormncirt wo/i Uie nilt 
fer the HMt part, 
r btnt mdar tlw 



I ji„..,. II I,, II ;i.,i„j I ■ !Mt. 

che-irter, iii S hour* '^il iutiiut«», with a maximam vviocity, 
un a l«vi'l, of miles prr hour, under tlM dilidviiBtige 
of an adveiM wind, ud new mmiAaiwy. 

The aoaiivo or IIn Miiq|Mii«to eonbiiiid in tlw PIhwI, 
fernMd K Di» ataiGag powt tor iw j towineiit. Now loeo- 
inotiToo wcr« turn that tim fennod oo tlw hhnM of tbe 
iniide-cvl iil< r r>]gia(i,uul tlio jMttoni mti oorly inutatad 
on other ntilwavii. 

From the for«going notict's, it appears that no single in- 
dividoal in thio coootr^ had. np till ttw jaar 18SQ, dona ao 
nmcb Ibr tho impiwraiiMat of tho loeoiiuytito, and for ita 
flMabUahmaBt as a permanent railway mutnr, »» Mr. Timothy 
Haekworth. He first employed »ist roupled-wlieel loeonio- 
tivr-.H, li,. first x]w w.nu- «l.;iiu lo heat tin- fo-i- 

water; he hrst employed liie ectentrisa to work tlif (f<~i- 
pumpa, whicli, in many case*, is a matte: uf c.jijveiij«;tici% 
ho ralatitirtad apriqg babnoM for waighia to tha aafity 
^*oi ; ko adieiiiad and flnt appliad tho ataam-diamW in 
the boiler, a ralnahlr an^iliarr f ir fit.tnfning drv steam: be 
firat plaend ih" cyliiiJ>rs beneatli the boiler, and cniployod 
the iliiiiliU' I'l-i ii- ' nii k-axle, coupled directly lo the pi«ton«; 
and lie aiiio waa the tin!t lo employ, in nailwajr looomotivws 
a separate crank-thafi hung in bewinp fixed to the ftino. 
Ho elaimad alio tha isnotioa of tho Uaakpipe: though, 
takins h1« own dataa, «e hat* ilnuid that Oaorge Stephen- 
■.ii'i tin,! it preriously. But Trovethick appears to 

ituv^ tilt,' inuxl uue<|niToeal claim to the invention, if, indeed, 
it was not altogether a matter of accident ; becauM; he was 
at laiat ihe iirat who diacbaigad tbaatcan into tha ebiamiiy, 
and it waa attho timdlathietly kmnm that tho Maat in- 
piwod tha draft of hi* angina, aa we find from some remarks 
bif Qilbart, in the ISih volnaio of Nieliolaoii'a Journal, iSOi. 



VfTr«tm,Y<m<f,t]>»SiAtn. axtnt load morfn^ at 80 

tnil<'?* jx'rllii^ir. Tlir* r;u:.*e 

of the destructiuii ^moS & nuiipuuud citantcter. Oil tiie one 
hand, there was the unequal distribution of the weight, and 
tho n>ai-anang«iaant of tlia whaab, made worn bj the 
hwwwd tatal load upon thtm; on the athtr hand, the 
ladieal dafcela in the mod* of laying' tha rails had ako ina«h 
to do with it. Tt was imjiraetivable more «<|aally lo diviclA 
the load over the four vli,-,^];. ^ m.^i;!- i'\ liii.lr-r'<, the 

crank-axle is iiecesBarily plitcud iu front of the tirc-lxix; a 
largo portion of the engine, therefore, overhangs tliat uxle. 
The Cho whada, it ia true, aiight hare bian placed so eloaa 
to tho dfifon aa to divide the ml^ •<|o*D7 Aaot; 
to secure sufficient base on the rail*, however, they were 
necessarily placed forward, and were of course more remote 
fi uMi thn centre of gravity of the saspended mass. Neither 
was ititf preponderating load on the driving-wheels required 
for pnrpaacs of adheaioii, aa their power of bite waa more 
than ampb. In Pamboor'a az|i«nnMHita en the nlaeitjr and 
lead of leeemetifea on the Llvetftoot and Manehtatar Bail- 
way, tliere was rii>t mh.' in v^hii'h dr.- motion was stopppi) 'it- 
slackened for wftiit of iblUi-atuii, tlioiigh there were loads 
amongst them equivalent to 300 tons on a level. Again, 
the whaela, fore and hind, did notaseead S-ieat apart aentree, 
(he axlee being placed betwBinthe1b«4M*xand thtanioika> 
box, and thus with overhanging loadi,aHl nlotalian|^ 
of engine of 15 fevt, depressions, and ttie Other tBetniiitta 
of tho riiil-^. L'Hvi' riM- lu i rr.'^'i,];ir iiMiriini". which mnaU^ 
sfriounly by the length of thu nuichine. 
It » li prapoeod to raplaee the tails with 66 ll>. 
rails. Immediate lOMUvrea, howrver, were imprrstiva, and 
it waa finaUjr datarminad to add a pair of «1ta«b to the 
engine bdiind tke JSr»-bor, constitating it a six- wheel engina. 
and exteodiiig the base to 9 feet. The object of the addi* 



Digitized by G<5bgle 



10 



RAILWAY MACiLDim. 



timul fair ma iMt taf<U*M tin diivioj^wbeeli of my fixed 
part tt tliav load, bnl' to dutk t1i« pitching of the enj^ine, 
by reoeiTing a portion nf m i^'lit at the tim« of plunging. 
They were slightly loaJml vvlitii the engine wan rniply, 
merely t i b!;iJ tiie springs, and when the engine was 
«hatge<l, the «priag« bad a burden of 5 cwt. aanh. The 
4tUfa was good, the hind wheeU remedied tlw UBtMaali- 
MMb both vaftiaalljr aid lattnlfy, bejond all expeciation* : 
til* apaadt wan maiatainil wKbrat nTolving any further 

'It>tru!tion of the prrtnnnriit «.-iiy, ati<! tlio fti^-ii.ner pro- 
ceeded diligently to rtiplat^^ iLtt light nuis by hearier ones. 
Since that time, the rails hare been ioercasod anaaiaahdy 
to 50, 60, 70, and 75 lbs. per yard linaal.* 

Beiidcs deriviog, from iha aJiBtian, iiMftaaad ataibflitr 
flo the nOit lliaaw-wJiail aniiM kiqKfraJj together for a 
Imtger thne, the tnlaa MimI laat, lha fraoM wa« Imb dia- 
tnrLi>i iil thu liuitt Etavf, runnig|g tS tha imI 

irtH^avul uu Uiu Srantiiie of a 
erank-axle, this axle itaelf lasted 
ionger, aa it waa tavcd frooi mnefa 
aftbaatniniaf t» iriiiah, aa bind 
ask,il«aapaviaM^a^M8d. T* 
pmecra tha eraok-axlt it th* new 
cTii;iiic- from the lateral pressure on 
the wheel-flanges, on the passage of 
curve*, the driTing-wbeels were de- 
privad af tbair flangai, and fonuad 
al»%lit«B tha lima, aadmNthna 
laft An to aait thamilm to tha 
nib. The plain driTrag-wheel 

fcmii;>l '.!n->i,liii'Ctnl;i],:itcn;iii 

MeSM'o. SllM^I ^tld iU>Wts of 
Maaebeeter,canceiving Ihata erauk- 
ailama ottjaotionaUa, aa ananti- 
aljr m tpaah htm oTaxla^aiid bchtf, 
aMiaortr, impreased with the expe- 
tUanoy of simplifying the locomo- 
tive generallv, limUL;lit i«it n cl:i-'! 
of engine, of which one, the ' El|>«- 

liment,' was put in operation on the Liverpool and Maneb**- 
tar Baihnv in 1898. The ag^Unders. 1 1 by 16 inches, were 
|lhiad an lha oaiaidaaf the boiler, upright they were fitted 
with the old radius-bur parallel motion in place of slides ; 
the motion of the pistons waa conveyed through bell-crank 
Ifvers arid side-rtniB tu thi- ilriviiii;-«iiw!f^: tli" driving axle 
woe straight ; the piatMia were solid plugs, witliout spring 
pocking: ttte tlida'taUaa arare similarly oylindrieal and 
£riatiadaaa : tha ftaa* ma auttnljr af wniij^ inn i tha 
vhela alEur ma aairiad an lent whaala, fif tana an tha 
driving, and 3 tons on thr' Icvtin:; . Irl il ui i^ht, 8^ tons; 
108 tubes. If inch diameter, ti teet ioitg, tJS fe<!t of sur- 
face; tJie fire-box held 13 cubic feet of coke, and hod 45 feet 
of surface. Tbia loeomotiva oonsamed -67 Ibe. of coke per ton 
per mile ; whaimi asatfatr nf tho ordinary claia, ei itightly 
aaallar dinaaiiaDt. agnaoBad aaljr '47 lha, ahowiog an 
a9Kaaaor4S|ieroiiit.aatha pairtaf tha'EiptrincBt.' It 
tuni'-il nm no mora than m aiipariintn» and tha cbai of 
engine was abaodoMd. 



Mamm. Fanaalar and Oa. af iMtrgxA, with an a^ aall/ 
famdaUa dealra to inpiuaa tha hNmnatiaa^ and t» annpliiy 

the machinery tattler the boUor — tliough at the risk of com- 
plicating it on the outaide — designed a vlau of locomotive 
which found it* way, in 1834-, to the Dublin and Kingston 
Railway, to the Newcastle and Carlisle, and occasionally 
ran on the Grand Junction Uailnay. The engine (Fig. 
11) had aix whaala, and ootaida fnuing, with baarii^ for 
all tha aaUa, tha piatam-nda beinf aomaetad to «faaka pio- 

jeCtini; 1ji-Vu]ji.1 tll'^ nlllvr 1>tiiirilj;^'S. T]lv \:i\\-i--'^r:T.r\u'^ Wits- 

likewitiu ^iiraii^yJ oii ull- <jut!iiJo tbo limnt!. Tius 

was certainly an effective iiKMle of bani»h>i>- tlio machmer}- 
frotn the interior. Tha naeawtrily great lateral overliang 
of the cylinders, cansad hf tha intervention of tha OUtatde 
feamai intradnaad, homvar, a Ibnnidabla ijght and bit 
liiiuona ttdtiMi tx h%h apiada, «hldi ahtahiad far thaw 
afl|iMathadu(jMi«atittoaf tha*BM«ii.' Thbi 




jl of Forrester's can he regarded only ai a tmHitioDary cla^s, 
I in wluflh a eoaple of oolaida «ijriiiidKa fNM nartljT xnAad 
upon tha machlna aa ft asblad fir ionda aylindan ; and 

ihougli II v. tliN liiiif-. isnt, the inconvenience of a 
crowdbd uiM» oi' uiacliujury lutder the boiler wa« felt, it 
was certainly, in the new arrangemmt, balnwad by tha 
greater evil of widely spread tinea of actioir. 

Tlie introdoatioa of lieaviar naib in the permanent way, 
and af aix wheels in the engines of tha Livaipael and 
lianahaatur Railway, inspired the eugtneer* wHh saw eon- 
fideoC''. ;iii(i imlueed a still further iiirn ;i^ ■ In t!u' j.i.w. r 
and w«ij{Ut ui the locomotives. The UtUnwiu^ tabular 
statement by Pambuur, exliibits the progressive state of 
the laaaaati** atooli up till 1836. It is remarkable (hat in 
an thaaa anaa S4M diMaf-whaafa were employed. T i na 
ri.ti«i.lrr<Hl QMiila t» IVB at hig{h apaada with bigar wiiada, 
i b Mi^'h It is new well nwdafatood, that to obtain tha y a at aat 
speedii )ii^.|i wli"<:U an- i.il. Considering, then, tliat 
in the general pnu:ti»< >it iltose days, a 5-f«et driviDg> 
whaal waa reckoned the practical maximum for high-speed 
I, m art tha bauar aUo to appradata tha advantanm 
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Amongst th<n« engiuM may hi- rfcnjnizcd the 6r»t of an 
ordrr of tcii •liort-stroked dngiaes, fur running at Liglier 



speeds, that was bring liitivtnd innng ISM wai IWTa «f 

which the cvlbiicr" w-n- 1 1 'mt-hm <{iameter hy 12 inehei! 
ttroke. Thus. silili<niL:li to iie.?p down the «pe*d of pi«tOD, 
higher wheel* weif not to'.eratpj, the alt ems' :v<' i.t :i ?liorler 
ttttkt m» adopted, with a iliuim tPT nf piston even greater 
thMn tin >tialMir ftMiic>eonjj>:ir:iiiv-' I'xperimcuta were made 
iBinTHrf IlM^Wtlier^armiriungMigjllMof the lin^ 
to HCtrtain Uwir eoammptiam of fbtl while oinvering the 
ordinary traffic r.f iln' rilUv n . it t!ii» iiiin»l spe«dj. The 
following Table ct»itaiiii> iliu nauks for varioas cl»«««« of 
engines, of which the leading data arr prt IWc<l. Il 
fottDd gratnlty, that the engloM connumed aa nearly aa pos- 
libl* i lb. «r «ab ptr ton per mile, with loads above 100 
toMior to kaM wafgm, while iho Mgimo wan Mtaatfjr 
woriting. The eoaenmption fbr 17 hom in etanni ww of 

coarei- '„Ti'il.'r, tliu (■tl;.^nl'^ w. rc n.it ;iV:im- linlfthatl 
in motiuii, aca.>onipUi)liiu^ four trips of ;Ki miles each. 



UVXUOOI. AND lUNCnnUt IuaWAT<-TABU OP rERTOBMANCE AKD CONaDlIFnON QT rVEL, WITH VARIOUS LOCOUomm; 
AND THB onmUBT TMRIC OV THB UKE, Ot IW AND Wt. 
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The locomotives of which the performances have b«en 
c^ivcn in the foregoing table, are a fair sample of the locomo- 
tivesi of the lime. Tl^jr BBBally contrivwl to evaporate from 
6 to 7'5 iba. of water par pamd of ooko, aeeonling •■ tlie 
hMiAw«Mll^«rhaa*7« the ieia tlio load, tho Imb wbb the 
dnaght on the Are, and the teas the waste of heot throngh 
the chimwsf. Panilour found, m the avemge resalt of hia 
experiments on the Liverp.»i^ iimi M;uwl)r-vt'.r iiiat 
6 lbs. of water per pvund of ouke waa the nUe ot eviipordlmn. 

On the Grand Junction lUulwny, a double trip wa<i run 
with the Hoda, bjr I>r. Lardner and Mr. Woods, in 
IvSj wHh one ohjeet of dotomndBg fho oHinary pcr- 
farmtiKe of this, an ordinary pafi!ien<;er loeuraotive. Its 
rylinilers were 12} x IS inches, wheel 5 feet, hlaKt'Oriftoe 
2j inch^^ 8'3a oqoare feet, heating surfare 419 

feeL With a train of 12 carriages, weighing 60 tons, and 
iriih oBgine and tender. Hi tons, this locomotive ran from 
Livwpool to Binuiaghaiii and book, 190 oiloa total, at a 
mtan ipsed of S9*8 milta per hovr, uidadnij; loar ttoppa^s 
each way, with a mean ooosamptioii of 37-1 11'h. of coke 
per mile, or -62 lbs. per mile per ton uf lu*l. lud nu «va,po- 
nUinii r.f ■ 7 ]],-. ,j( Mter per pound of coke, at a rate of 
91 feet per hour iu matkm.* This otajr bo reekoood as an 
id it to auaiilMt how meqaal the 



' niM.BOtirii 



Iwiler wax to BB aoawMuoal oraporatioa at the TStoaboTO 

noted. 

Some weak attempts were made in 1839, by Gray and 
Cbantor, to intcodaeo coal for foel as a snbitltale for aAa, 
tubjeet t» the hgd aMditien of aoaeflaihv its own smoka. 

The peculiarity lay in the fire-box, which was divided TCf^ 
ticaily, by a deep tTansv«9o water partition entering from 
the roof. Thus, two firc-grun':- v. i n' lunto!.!, '-u tin. ii-j;i^..^t 
of which thv fre!<li cu.'il \va» suitjwU-J ui a prelimmury |irv- 
cess of coking, after which it was passed to the «eoond, in 
which it was intended to be tboroni^jr bomt bjr a due 
admbtlu* of air. A loeometm, the Priaee Gaoigo of 
Cambridge, was fitted with llii* fire-liox, with an unusutdly 
large alluwanr«< of lube surface, and tried in June 1839, 
on the Liverpool and .Mirj..lii ■^ter. The engine weighed 
lA^ tons ehai^d, andwiu found to oinsuu>e6<>lpereent. mure 
AmI than other nngincn of gioiilar proportions; in short, it 
cvapofitad enctljr 3*6 Un. water per ponud of foci, at least 
40 per coBt. I«M than the oAan oobM do. AfaundiBt 
smoke was emitted when standing ; and even when moving, 
the incessant assiduity of the fireman was required to keep 
ilown the »in!ilir-. It ;- ;i [lit;,- lii.-it tlj.? wli.nis of s.-lintiu'ra 
should be |jatroui/.'r'i]. oi. the grounds of such slight expecta- 
tions as this fire-box held forth, tO the BIgltat of WOttblsr 
bnt loH brtuDale innotiena. 

of at laait cq«d inlsUigeMai waa Iliad 
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tlwlMOBOthW rf 

Ihe 
air 



Baihnqrt •boat 
la fbraud with 
aida,alMttl tkt vmmI 
la nix with and 




Ibr tfa* Vaira, )Kllllir:>ll.\ inln -i|ii.m- fif<-.l>i)Xe!) — f;KT- 

tiawljr dtaoribad a* tank*, wbco tli« battle of Ui« fira-bosaa 

waaatitalial^'i'-''^*'"^^'''^*^ muid obmi ostaida 

" iht wlipels iindvr the whole 
— llMuie yum tlio ppiv 
vailin;; rlianwIrrUtir*. 
and the annexeii illua- 
tratioDt «iU give jrna- 
Man lalbUnaaMiatiaB. 
A naw and eriipnal 

flasB of ensriies Icul l-ivu 
advofatcil bv Mr. EJ- 
waril Uury of LivcrpoiJ 
■ince IH3*\ tin- <l»i« uf 
the delirvr^' uf his first 
leaoaiativa on iba Livn- 
peel aad Maachtalar 
ItailwAv. lie v,x-> a|i- 

|Klillleil IjlntllllotiVB Su- 

perintrnilent of the Lon< 
don and Binoingluun 
Baihraj/tpaaediBlMTi 



.*t |jif««ri-l-»r, ■•ttliattim rtlti>L-n, Ki' — <lmtr#l Tip* U !liB !»«.»liri... CUj». -Cjlii.itj lilit I*- infhK WhMl ITrrt, 



thoroughly oomanie the ){aaanos eiemrnts fomienl in tiir> Giv- 
boa, in tta a^ at WiliiMui'e ai^and. It was of no u»- ; 
iIm eoka ma ap|Mmnlly my banud beftra it naebe>l 
the arganda, and the icanlta abowcd a dimhitihed late of 

anponulon. 

To ralarn to our hUtorj-. Until the opcuiiig of the Luu- ,i 



«f e t t e nilTely nitr^ 

(luriTv on that linp his 
|MTnliar rla«» of loco- 
iiiotite^. Though tha 
:vrgTiiiicuis tlicn a<lvancc<l \iy Mr. Baij were deemed irr^ 
fra^ahUi bv a lari;c »c«tiun of the madhmieal men of tha 
lime, and gavo me to animated diacMiiaB, Ihay hm% br 
the luost |iari. wink into unimportaaee, aa the arte of eon- 
struc-tion havt> a'lvanod. Tin- |H'. iili.ir fiutun--. (.f liurvV 
engine were the circular fire-box, the arraiigtiiieiii of the 

tubeelDcircolar area, tha 
esduive ioaida fiaoM^ 
vompauwaa ai Mjgaa 
inn han^ aad tlw ax- 
c^uetvennmherofwheeli, 
fiiur, nil «hicli ;ae en- 
pint! vi;m |ilarcd. Mr. 
Burv's ideas were aO af 




aa.«Mi 



BaQway. in 1837, but little rariatian 
in <ha fnml design and arrangeoMOt af 
cgriindata aad cmnlHBdH^ gab^aatkna 



phliaB. The iamM 
iapariority of the circu- 
lar fire-box, Fig. 1.5, and 
llic arran^fiiKM of the 
tubes in circular Vmi^ 
Fig. IC, for tilt' piomu- 

tien af equable oouiboi- 
tian and tha bm cirai- 
lei ion of the water in tha 
boiler, is now eeliinated 
at iioiliiiiL,' r"iiip;ir"d 
with the n>ntr(-ni«tice of 
the equara fire-box aa a 
piaea of nHnafiMtwa, 
and tia valaaaa embody- 
ing gnalar ann af gnta aod beating eurface in proportion 
to ito aaonoHiie balk. The enperiority of the circular 
af tlia tobaa^ alio, baa pmad n i 
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and whto tttb»«irflM ii u objtett •ban all, sectional 
•m «f tuba, iha amngmiMt «f tabia ia Mnicht lines 
baooOMs impmtiTi*. "Bmft nuMa ftana, eanpiaad af 
bar-lroB, faipaitad to Ui Mgina ft paenliar wiry airoTl^^ 




rr«i Mr. Il ii v in»il. i-(inccivefl that, next to a good 
Wiiler. ' llie iini-t ini'.iMrt.ii:*. (mini in lli" rnnst ruction of a 
locomotive w.t; u< r n in r ilic juvrn firmly to<;ether bjr a 
rtnmg and wt ll-umuii^rJ iVamini;. 40 that thoy shall retain 
their relative positions when the eii;;ine is in nmiioD.* In 
tliia xcapaet ha aonaiderad tha iniida fnuna miuh aaparior 



riL It -^nh. Ont-taaMk 



fl( i>.-v<)<, o»f- f» Ma > t, 





to the niitjiidtt frainf, an tlie euiiiiection of tlie ajrliodar 
•ad eranlC'aKla waa mairs dimt ; and tha boilar ifaa aaD- 
aidaiad to ba taliavad af much of tha attain of tbo ngfata 
tneidental to mitaide franaa. Mnab of this is tna. and has 

bem fftllowMl up in the works of modem loeoinotiTe-bnilden. 
Mr. Biirv ai»pt-;ii -. In '.vrvi r. to li;ivc f.ir_' >l tl.at tlii' fniokf- 
Imx. which at k'»>l furuiithcHl a iulj(>-|>latv tutlw buiter, wa«, 
•xcc|>t in his lat«r rnginee, Mibjectt'ii, witliout a^J MitrTii, 
to tho «o(irs strain of tha angina; tha tylisdan «k« beltad 
diisstly to tha sMidkoJiaE — thaf bad nodirsst aoaasetionwitli 
the frame, and oonsequently the strain operated through the 
boiler-stars, which re«i«d ovvr the axIcsboxM. With regard 
to tho ixutition of th<' bearings iii^iili tin- it »a.s cm- 

aidrmi of gnut practii^al adraiilage, iu ca^o of the fracture 
of tlie crank- jxlc'<i. as the weight on the bearings prt.:88t><l the 
HaogM of tlia wheals against tha tail, and asaialsd tha Isugth 
of dia Joaml in kaapuf tho onghio fraoi boi^f thmm off 
thonila. With nisranoo to tbo awnbcr af btarims, 



«!iii-h wi'ie en'|)loTC(l fur cranli-axics with outniJe l-i urin;:'!. 
Jdr. Uarj added that it was im|Kissible to key *» niauy bi«r- 
faifs perfectly true, and to larintah them »a while the engine 
maimkteg'.* ThiaiiaaiaranMittsr ofmaBii&otarai itia 
aStlier possiblo or impoiBiblo— aatha 
workmanship is good or had. It may 
im<triict as for a line or two to quote 
Mr. Eilward WomU <>n tl^e ju|>eri- 
ority of oul»iiie framing : — ' The 
superior danger of the inside afaova 
tlw onlsida Aaniad angiaa eomisio ia 
tho Ihet that, dioald the whsd nf 
(he former become Iwip. or tV.e nxle 
bri-ak, the engine would hIhio-I iiiijv- 
itably fall over on ila siih' ; wIj. r. ai 
iu the other form of engine, placed 
nnder similar eircunutaocea, tha 
wheal remains eaolinad within tho 
framing.' Safety is a verr pliant 

siTt 'if .-.rjiiini iil ! In the casf of 
axil' - bi'srin;;!!, Mr. U'uoJa has 
stated that no beannj;s an be madr, 
or if made, could continnc long in 
siriet niathematical adjoatmeDt with 
tlie alio of Btotioa; that tbo aagis 
of Tibntion is as tbodirtaBoeof tho 
1>( ariii;j9 inver.-<i ly, aii>I that (In- play of the brasses becomes 
viitually j;real«'r ».lh liial .iiigli'.'f These quotations an? 
sufficii'iit to 6how how ruiivt'niently separate seta of facta 
may be enlisited in support of tha asocial pleadings of inter- 
ested or prejudiced roiado. On tho third ciiaractstistia at 
hi* engine, Mr. Bnij ikua aunw ay tho advaat^fiaaf hu 
wheels — a speeimsn of eoneluaiTa rsaaonin^, wbidi baa been 
'|iiitf a--i well nii-t l>y Mr. Woods lis the other hranchofi of 
lln» dja^u-jfiiJii : — ' The four-whi'cleil (iiigino is less costly than 
that on r-ix wiin l^ ; it can b« gfA into less space ; is much 
lighter, and, therefore, roqairos Isas powor to tako it up 
the iDclines, and eonasqnaatljrfcana aMtoandaUopoaarta 
take up the train ; is t»ltr, aa itadapta ilsstf batter to tho 
rails, not being so likely to ran off tlio liaso at enrvas or 

cross i ; ia iiioiv i-.-i,.|ioniii-.»l in the working, I h'Ti- iicing 
fewer parts in niutlon, and cuii<tM|U(^ntly less frietioti ; lliose 
furt-s of the niachiuery which are common to both plaas 
are mora eaaiijy got at in tlia four-whaelad anginai tho 
baiidingaaad taiaFtaUoaaroaotnqaind tobooaao iatgoa 
scab, aa thara aia fewer porta in the four-wheel engiBO; 
fewer tools, aa lathes, drills, tic^ are required ; having fowar 
parts to hr deranged, a t of p a g ia BM aot SO lihalj to tako 
place on the journey.' 

The aif ament in favour of foor whaels, for engines with 
iniido eyliadna in tha aauhodioK, ia aow obioloto. Tho 
additica of aoaafloofwhaabtoalbBiMaiHit anghM^lbr pao- 
acngcr tiaias nqatriag eonsiderabis speeds, had aliaady basn 
bond eoadneiTe to stability on the raih : the simplicity of 
the engine wo.! ii[iini|:iair«l. and the roiil.-. wi re .luliii-rlrd to 
very much leas fatigue, as lateral elai-ticiiy wa.H provided iu 
the framea to sait tho corves. The fewer the points of con- 
tact with tho rail, aad tho abortor lbs wbaol-baaa of tho 
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tBglmi, til* mm fimuidiUi (bw lo iiM^nfitj of 1ml 

Kor-oitin. On 3 ftiiT am! [^rrffrtly ncU-fonned line of rkils, 
four whcok iiiiiv ruii M i'ii»ilv as six. But with the exist- 
ing imperfeetioni in eonttruttion. Mid relatively heavy en- 
ginaa, six wheels an nmewary, at leut u eipediciits, if not, 
•eeotding to Mr. Bmfa M«*, m ptrfaet m four. 

Tlwoiigiiul loomnoiiTt MMk of lb* LtBdm ■»! Btr- 
mingbim Sailmj wm wmniw w f nn1itMv«l j of AuivwIimI 
engines, in complian^i* witli l!ic- nprninn i f Mr. Hiirr; ari'I 
from the opening of the line in 1837, till tii« middle of 
1845, thfrc was but one »ix-wheel engine employed. At 
lb* IwginoiDg of 1840, tbtrt ncre eighty-two eagtiMa «o 
thft Ihn. Tb» Snt pmmfjKt 
MigiBM «m nai» with U> 
iiMh (jIMm, IS-iiKh Mmke. 

feet whe^, and wf-iirln' l 
to lU tons empty. Tii<9 mor- 
rhandise engines h»(l eriinder* 
13 b; 18 iDchM, nad 5 f>H 
mjM filmh. Tlw tmage 
we^jfat af thirty-two pamaigM 
fnhia. ia 1839. wa» AmiMt, by 
.Mr. Whtshaw, to amount to 
42 tons ; the average speeil 
was 25 miles per hour, th«i 
bighatt speed being SO miUe. 
wltlkfttndBorsrf toM. Mr. 
lliiry stales, that the orig^al 
|>aa9enger engines evapotAted 
7^ cubic feet of w it-r prr hour. 
St a mean «pee<l of W mile«, 
with a total heatin;; surface of 
mSm. MnNicboluWood 
biiBd If ttiMriBMiit, thai, Id 

one of Burr^ engines, on th* Lomim ami Bimiin^inin 

Railway, having cylinders IS by 18 mebM, wbMb 6^ fett, 
(ir-'-.Tuti' S IS tV,i, tirf-li..\ sLirfni" ";1 fi!<it, lube nurfaee 
37fl feet, the evaporation wm bO l«t vi water per hour, .it a 
■IHUI ipaed of 26 niileii. 

Tiw mgiDM «f tb« LratliMi mhI BinningbMii, like lb«M 
«r tlw Livwpool and M andiailcr Bailmy, vera, fa caana 
of tbe development of the (rnfin, flmda aonewhat heavier, 
and more powerful. The chang** war* confined principally 
to tin- 1"tiL'<h of the boili'i, ivlii:-!! was !if fe< t i.n.'in ill v , 
and was increased to 11^ leet; the length of nhc<i:l-b<isi.> 
WM eoneapondingly increased, from 5 to 7} feet : still, 
asaapt in aoa aaia, Um nnmbar of wbada wat fpar, and tba 
cylinaMaaadlbmiitgiMida. Tha felbaringTUda aitUbila 
the locomotive stock as it existed in August 1845 :• — 

TABLE OF lOOOMUrnva IMOIKCS UN TJIE LUN'DJS' AMI 
1 MtnMkT (IHtJ. 



Tha largest paasenger engine OB Cntr whaab, ma^ by 

Mr. Bury, according t > tlm .nithnriiy ju?'. qun'.ril, nviighcH 
13 tons empty, and had 14-lia'h tylttniera, I^t er;inf« of 
L'ri.MrT [Mjwer, he had recourse to six wbc<l>. n< tiio r<'i 
and 75 lb- nMla, tben laid, could not safely b« trtwtvd with 
heaTiar laadik 

Pwvlana to tlia e|Mniqg «f Um Loodoo and Biraiiaghan 
Kailwar, in IftST, Or. Ohmdi of BSnning^iam, a goitkman 

ili',tiii2ti!-!ic<{ tnr thr: v.^riratility of his genius, projected, and 
actuality execute)! a locvntotive OD four wheels — the Eelipee. 
combining, within itself, all the functions of engine and 
iMidar. Witb « boiler of tbe utual arfaagtmant, it «a« 
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plawd opn four wkeela, aifangad lika tbaac gf tha «M 
KMkat— tka driring-wlMala In limit a( tha oAsib, and 

placed under the body of the boiler ; the earrying-wlicc!» 
were placed in the rour of the fire-box, under the foot-plate. 
The cylinder! wri- iimI-;iI'v a'l-i l.iy l-."r'i^i'iit.-iliv. ;i!mi under 
tbe ibot-plata. They were titt«l willi pi*lu«i-sialvi!i worked 
by » vaiy l^t aceantric motion. ny thui reversing the 
antiaa am ng wiwit of tha ioo«n»otiT«, Or. Oktuch had ia> 
mowd tbe at^tetkn lo an ofwbiing fiia-boK, camplaiaod of 

in Mil,, r r.in wfii ! PUginee. By di«|K>»in;: his water IWWB 
■jkiuoujiM. siiSiiJn ii»Jik.s, distributed beneath the bailer, and 
within (he frame of the engine, he also kept down the centra 
of gravity «f the mass, a high wheel notwithstoliding ; and 
tboagbt^ata taa pnxligious orerliang at the fmni end, thus 
appMlly coBtrwting tba avii fiMinerly complained of into 
aaa of a mora daogeirma chanaler, it was partially neulral- 
i/.e^l by an overhune provcnder-lmx at tha other extremity ; 
and accordingly it was found that, of the total weight of 
14 tons churgtHl, 5 tons restwl on the hind wheels, the re- 
■»!>!« ing 9 |«iui 00 tbe drivers, Neither is it to be over- 
bafcad, flat vU* l]ia«liaitbaia of the ordinarr four-wheel 
engine of ffaa Una 4U, aok oommgaly aaaaad S feet of 
length, that oT tba tMifm aauianltd fa 8 fset, a bngth of 
base which atoned for the sin of overhanging. To Dr. 
Ubiutli, at all event*, ie doe the merit of devising and ese- 
aati^ tbaffntfaar-wliail lalMogiaaai tritk tatebr boaaiai 
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Car nulwajr*, aadof btimaiMiifit dufint toeanyoa^ud 
|»mtlM«dvtatag«(if •laigedriTing-wheel. The cyliodera 
«r tlw Ecli|i«», M U DOW (ICtBO) sUmds at Camphill station, 
nirmingliam, are 11^ bv S4-incli utruko; criiinocling-rod, S 
feet long; driving-wheel, 6 feel 24 Indies diameter; carrjr- 
iug-w)tocls, 3 feet, all with inside bearingB ; the framing ia 
douliUi ontud* and huida the wiwMla« oomiatiiig of l-inch 
pfartc, S feet da*m bt bta alilbDlng-fod* on the vpptr tad 
lower edges ; the frame measure*, externallv. 18 bjr 7 fe«t. 
The fire-box is 3 feet by 2 feet 3 tnckea wide, and 3 feet 
liigh inside; M ! ihc^. iiKliea diameter hy 'i feet long; 
I'last oriijcv, ti uiciic^ «ii&inet«r. Tlii« engine wa» em- 
ployed, 03 a ballMt eugiuc, on Lomlon ami Dirming- 
faam BmIws/, in the tgtiag of 1898. aaA eoatnqrod, wiUi 
tan, tnSna ^ 100 tana. On one oecMioii, it im taiA to 
have run, alone, 12 miles in 12 minutes — a spe«d uuap- 
pruacbable hy conteuiporary engines, »ud due, tliere i* i»o 
doubt, to (he liberal diameter ni' -hi- vtlitil. Xi r iniwt we 
ovcriixik the T»luminons dontt' vsliuh iyo\&i-d the ure-box, a 
ntnuUtf whii'ii, :iii>u^h previDU&ly employed by Ilack- 
woitll, wm W-illvoiiliMl and Milai)gcd by Dr. Church, and 
kftttoivwluch Md«d tn making Bury'* engine famooa. 
Though Dr. Church's frL-iim Kxi lum iiiuli;--teii in it« d:iy, 
il is undeniable that thu talu iit )>:>iut'^ uri^iuality Lu Uiat 
enjjine, the hori20!it:i1 u'itMiJr c ylin ii i , (ho sclf-cuutained 
vohiele, with MoooimodaiioD fur provender, the generous 
htS^i of driTiag>whe«l, ud the portly, blooming dome, as 
ft nun tit of steam, are ebneota which have, at later 
|MHedt, lieen special objeete «t aoBdtnde te ragineer*. 

In 18+0, !«ever»l bugie-eoginci! w< r<' I' lrn'-lj il 1 v N'l iTis 
of Philadelphia, far (he ISinninghan: auii Uli-uciaur llail- 
ways to work on the Lickey incline^ of 1 in i7i, a« an 
engine. This class of IocobioUvm (F^. 18) had 



CD 




IMI. <)MalO|(vUli^«M«(tN. 

«ii wheeh, ef wbUi the firont Ibor, flO hAm dianater, 

me e ttwh e d (o » frame, or bogie, swivrlliug on a centre 
belew the amoke-box, to case the locomotive round curves; 
fylin lfT-., in? by IS irn'l,r-< . .|nvinf;-'-vliifly, i Umt I 
Bevenly-eiglit tuKf, l! iiiclii'-( (Jutsi.lL-, d fort long; rouod 
fire-box; weii;lit, S loi^s empty, 9^ Umss ehaigil; efaum 
, $2 Ibe. The hMainoti*e» wm, howam, Muveited 
^naat vWdk inmaaad the might to ahon^ 1 4 
tOIH. Their aTeiage perfomianee was, to aaeend with a 
maumom lead of a^t waggon*, 53^ tons, at 8^ miUs per 
» an ton, li 10} nika I teifh fif* 



waggons, 3S tow, at It te 10 auk», ml aeeirtuig the 

ordinary pasaengtr tnlni of aeren cerriages, at milai 
pur boar. Captain Moonom «tate«, relative to the perform- 
:it;<:v lA lUr-iv engine* on the Grand Junction Railway, that 
they conveyed a load of 100 to ISO tona, on a plain 1 in 
330, at 14 to 2ii milea per hour; and the same load on 
1 in 177 ait 10 to li ntilia. A vomu of aev«i tripe with 
goeda mint of ahoot 100 tana gmai, fben Kfaiingliam to 
Liverpool, proved a eonsuniplion of oO lbs. of coke per mile, 
and an evaporation of 4°27 Iba. of water per pound of coke.* 
With a modem Graii-l JuiKiiuii Itici/iiiulivi', i vi[Kirating 
twice this quantity p«r pound of fuel, the fuel UMtd would, 
on tliis account Am, fill ta eoa-Inlf el that agntamad by 
the ixigie-fqgiiie*. 

With the necessity, real or prWDmad, for larger loeoino- 
tivas. w.'i-i iticKLM^icii \'.ic •i;tHcuhy of packing the niacbiuery 
of iijsi.iL-c. liiiJor fUj^iufs. wilhln llio limit* of (ho 4 fes( 
SJiijcli ^^iiu:;'-. We have sei'ii iliat Shariiiiul Foitp.-ut iii.iile 
some altampts, if not to oomieniie the macbiiiery, at least t« 
render it more aooesaible. The valve-gear sadly wanted aMI> 
densatien, it ana in cmtnl asaaBBl*a^ eonpliealad ; evaij 
engine-aalMr had Ua own raedai, and each a riddle vaa 
iiui.k- uf it, that Mr. Braithwaiu. ii; .IfU-nniiiinc gauge 
>4 llu' Liistcni Counties Railway. i>pcBiHl ui 1 H.'iJ. uctually re- 
solved upon a deviation from the common gikiipi of 4 fiut 
tt^ tnohai, aad adopted a ^-feet gauge for (hat line, witli 
the aola ^aet of gatnillfi 3} inebea between tlie wheels I 
So mhrataljr had ha gOM inte hie oaknlatieoa «a tlie anh> 
jeet, tint he diaeoeend that 8f ioehee waa the exeat Mtfa 
width required. Tin- wiiiidcr i* that li" tlin w in •.in- a ldv- 
tiunal quarter incti. Tu be sure be wait guiuj^ iiiuiidiy to 
work at the time, making a rash innovation, insignificant 
in itself, and momeniooe in ila ultimate ooneeqaeoeei^ and 
the additioDal quarter atftde a nmnd number eflha ipaigtb 

In lias el speculating u]>on the iame di ala aiowMiaMai 
af an iB w eaie of gauge — a plan whieh, in te iar ae it «aa 
simpl<', Kiirt' ut li-ii^t till M'ljiblance of originality, or of 
parting tile iii.u:hui(<ry of itm engine so extravagantly (or 
the sake of outside couoections, as had been done on some 
lailnajn, Mr. Joaeph Locke, eaginecr of the Chaad Jim^ 
tiaa Baamy, apiaed in IMT, aad of the Saotii' Weitam. 
opened in 18S8t wieely detenaiaed te ledove tiia In a un ta a ^ 
iences that existed in the engioeiertheday, widMataeeri* 

Cf:'ni'j the merit <>( fi.|iip:u'iiu-*s. Id wliirti tlicv wnn- jiii>tly 
eulitied. Mr. Allan, >if tiw Cre »<; wuriL!ihij|w of tliu Or^i.d 
Junction Railway, auggeeted the removal of the cylinder to 
the ontaide ^ the anelM-box, the aatteoHaa. of tiie iaaide 
frame to the hoffaiJiiam, the bettha^ ef the cylinder 
immediately to that fiaote, the eiwpliti;^' uf the pi«ton>iod 
directly to a pin in the nave of the dnvmi; mIk-.O, and the 
entire disi1lI^'S^ll of tlic itKihln rniiiUs :iiid the imtaiili^ Irinip, 
leaving only Uiu ««wiitrics and uiiiet r^lvi'.gc&r to Ui dis- 
posed of beneath the boiler, and entailing, of course, inside 
bearingB for all theaalee, Whilet ibe oylindet aad whaib 
wate, tm that plan, afanett directly oppoesd, and the ttrain 
between them received hy the frame, to which the cylinder 
itself was firmlj^ united, and which caught the axle by 
1 tlw aeoie ef dintt aetiea waa saeri- 
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fasd. Om iiiMhiiMfT wm itmptifigd, mmI win* nmalicd 

was ronJoreii fHiiily ai-oi^alMr. IimWob * c!»»r <>»i-i- 
the driving -aila, m« madfi stnjijjUt, sufficient \n aciiiut uf 
a 6^ feet wheel, wbert tli^re was prerioosly a Sil feot wh««l, 
without nuniiig the mans of the boiiar. An important 
vuggeation was a]«> made, wh!«b Mnplttad th* imfji n( 
lb* Mgin^ a wK w di n g to vUalt it mt propOMd to fMain an 
vuUUt A«n«, coniitinf of ••invlalMK.nMh plata or«roa!rlit 

iron on eapli suli-, wliidi mnili) bi- fjoltc.l to, and wouM bcitow 
additional tini;iife«* ujiuti cvliusUr, autl woulii atlonl OOt- 
i-iii'i Uiiinj-! for the carrying axle*. Tlx cylinder*, more- 
over, wert piacod conaidwably above the boraoatal onitr* 
line of the dri viag-whMl, indium^ towards tlttt with 
Um vinr pi dmm§ At iMdini; vhcrh, to aMtk «f their 
Mii|»plMMl batter forward, and [i:)rti.illy vndar the eylin- 
ti-r, and th« better to command their load. T!iiii tlii> [ii'>. 
hW'm u( producing a atemdy, compact, and tlufabiti engine, 
with outside cylinder, and a wide elastic base, waa solved ; 
auil to tba f«>i«tradiiotiM «f tb* Mtsida-cyliBdw M^at, by 
Mr. Laoln, lAar ApaiM of ■IwgriiiH', iMf b« Inwad tlw 
a^gil tf Ik* nMl«ffio*ad tmtM^i^^lMkt mgiwa «f mr 
owB tiiDW. TK» oHflnaT aloelc «r loeMnatina on tha Qnad 
Junction, n'.adi- in I S.'iT, lu i i:i^i l>- cylinders and «ii whcela. 
They had cyliudtM ai li^, lo, mud 14 by 18 inches ttroke; 
wheels, S feet ; boiler, 8 feet loop ; and they weighed 
fnm 9^ to IS tona duijad. Tba ctmaka wars linuid m 
of lOMpiMt limm btafckag* ta McMaiikl 
. Mitljr w A* t«i-«h«iii enrm forming the 
jlinetloil «f tlw lina wifli tlic Liverpool and Manchester 
Railway, at Warrington. 

In 1H4.^, the stock of aogincs on the Graiiti Junction 
Bailway. all mida wiA tlx wbidii, amoauunl t<> forty-«ix 
inaida ayliodar agiiiHi, of Uw praportiea* alraadj iwlad, 
ud twMrty'WiraB at^ifaiaa witb oatai4a (^linden, IS and 
m hy 20 incbw, and wfaaab ((| and < feet, wei^^ing IR 
and 16 tons char)^. As the oM cornea wore out, they 
were progressivt 1 v slu n ;i a-id fitted with (nit^id'' ^ rlindcrs 
and straight axles. The standard eaginc, now, in ISfil, 
adpptad on this railway, known as tha Oiewe angina, is not 
mlwtiatwUjr difisiant, in ganatal aRaaganNnt, to tbat first 
adoptad bgr M r. Loeltt. Hftftog found H to aoEaenl to bia 
aatisraetion. on the Grand Junction Hailwny, ho adopted the 
Kamc claM of engines for the Soutb-westeni, Uis Paris and 
Rouen, and n ..r^ latalj, far lha WadoDHB, 6«i4tiab deo- 
tral, and otlier lines. 

On the South-western Railway, stocked originally with 
tba oldw inaide^UndMr a^ginai, tba iirtt oatoida-ajrlindar 
angina, plannad and aieeiilad \^ Mr, J. V. Oooeb, eem- 
roeiioed to ruii in November ; and was fitted witli I'] 
feet driving-whe«)s. This was the first example of a dnviii^- 
whoel, on the 4 feet 5f inch gauge, of .i di unetcr greater 
than 6 faat; ezaepting, to be sure. Or. Church's 6 feet ^ 
inch whttl ; and then are now 64 outside-cy Under engine 
on the sam« rNlltiay, mada idantiealljr to tha pattcni «f tba 
original engiwi <f wMcb ilitttlrattana an to In fonnd 
amongst the aecompanyin? r!.i|p-s. The numerous re-pro- 
duetion* of the primary paitern, are a good evidence of 
thf ini • liaiiii a! «k;{l developed in the original engine, and 
Mr. Gooch lias latcljr ownplatad a kiaamotiTe, Cnmiahad with 
t-hit whmik, for «i|Nia tcafaa. 



Tha attfinasrhigi— In alhar worda. the gearing — difficulty 

wi< Mi in i-nrnninM with others, by Mr. Ti. .">ic|di>-ii»<in. He 
wislioj, like Mr. Draalltwaite, for an »<1 1 '.innal ^ ur 4 inches 
of gauge. Uut with the Stephenin:!'' ii«>tliing is impossible, 
liy improvements in the working gnir, and the inlroduetton 
of a direct rommunicalion kHween the eccentrics and tba 
v«l*ai, in piacaaf aairiaaaflafwa. which jmsianaljraampiad 
tha width, ha Iwnid, that «t« with iuMa aylindan, and 

four i-r.-cnfric". u!i'i_di r. ijiiirt' tin' most room un Irr i]\<' 
Iwilers, tht>r<j vtas "ampU' M',d even space tu span.'.' 

.\uother difficulty existed, which Itad no reference to the 
I maabinaij; that «f ineMaaiag tha |i«w«r or fir* and heating 
anrfiM* «l th» baOar. Aa bb btOata bad ganaraltj btaa 
I made as wide as tbagai^imiUadiiiito^ thaira-lwx and 
; the boiler proper waraeeBiidinbl,Ti9«reaaed in lencfth. The 
I boiler was lengthened from 8 and Sj feet, tlif i i .ini M.n li ngth, 
I to IS, and, by degrees, to 1,1 and 14 fivt; An<i tu ixiut>vo the 
extravi^ant spread of the wheels, to which those Icngtlts of 
boilata wvald giva ri«*, wm tbajr to be placed, •coofdiqg to 
tba fMaial piMtiet, with tha hind wbasb baUnd tha tm- 
box, all tba Ana «dea w«i» canlfaMd to tha apnea halwaan 
the iSre-bos and aaekeJiM, at an axtttmadlitaaca «f 10, 
11, 12, and 12j feel centres. Mr. Slcphci^non'* opinion 
then was. that 12-feet centres wa< the utinait limit con- 
sistent with (tafcty. The cylinders also were removed to 
Um ontaida «l tlia amoke-lmz. and piaoad praeiseljr in tha 
boriaantal Ihia of tba aaati* af tha drtfln^axla— • Iciilofw 
in which this engine wa.'< inferior to the incline^-tr^Uadw 
engines of T/)ckp, as it ropiired ll» leading-wheeia to ha 
considerably uiijerhun;;. The long-boilcr engine, as it was 
denominated, waa patcntcl in April 1843 ; and ill 1846, 
there were apwatdatff 150 of the poteiil engioca m dailj 

oaa, in thk ceantrjr, and on (he Ooatinent. 

WHh an vnenunpled length af tohev and a laiga fiN-hos, 

it was anticipated that a very powerful and economical 
engine would b« produced. It is gencrtlly beliovwl, liow- 
ever. tha( ti.-' du'- [ipi|'i.rr"-i r,t V' (iiniii.-IiT a:id 

total sectional area of tulic«, liiu) been much vx<.*«^i»ii(>d, with 
rr^<pc«l to the jmwer of draught required. This is a questkm 
for fntur* coMidentiaa. Maantiaia, it ma/ ha atatad, tha 
White Hotaa af Kent, m niahratad isaaspla of tba loag>boil«r 
engine — cylinder, 13 X 2S inches: wh«>l, .'4 f«*l; fire-grate, 

9 feet ; fire-box surface, 48 feet ; tubt-surfaw, 8(>0 feet ; 
total length, 21 feet 10 inches; extreme cfiitr", lit i 
Si inclie!) — was found bjr Mr. D. Gooch to crapjntio ^ii 
feet of water per hour, with a 13} bat llue-lubr. Un llic 
oontiary, the South-waitan new angina, wiA a tuba of 

10 foal tn length, evaporated 141 fait per honr. A geaeni 

firli;!^' tii'n rtli!li->-, has existed, that a long tube to the 
Uit!«r, wiitumt reference to other circum!<tanevs, is as in- 
different a matter as a long stroke to the cylinder, without 
any good ftHtndatiau for the oni^ excellence or lb« oUtar ; 
and tha gmeral practice of engineers has been, to iaanaae 
tbtir l«m|tb of tnbo, from the «M 8>fiet alaadard, to llh 1 1, 
and It bet 

The first <ii^|...«-ti. -i ,if the whcelx of the long-boiler 
engine, by wii.cli ilx diners were placed between the fore 
and hind carrying-wheclii. »nd therefore under the middle 
of (ha baiter, tbww the ejrlindeia forward to the outside i»f 
tha iOMka-boiii. Thk amngamant mndtrad tba 
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ftaSuij MMeptiU* of aU aorta of uuteadinaw at liigh 
■pn<i tffintMag 45 ud W mOM pir honrt Uim wu 
■ MnUMtiaa ef dntnUng infliMMw—tlM ofwfaugtng 
■HM^altbe I'lul'i, inip-:>rfe(?tlT rantroIlcNl b_r the wlievla ; 
ihe poritioD of tlif Jrivmcr-wlieels, in tlic middle, sustaininj; 
the crcattT part of tliu lu.ni, umi rarryinit iho ensino as on 
B pivot; and the vuti«cquvnt situation of the cylinder, at 
ttw extreme front of the engine, aggrsTating the nvcr-hung 
wqgllt. To relieve the engina^ tht dtiviqg-lrilMla mm, 
in a ncond design (1846), plaoad dot* in fnat of fha ftw> 
hi.x, ;ui ! \vcr(! jirccr^ipd liv twf) pairs of .small carrj-ing- 
wIkm-Im Till! ali«ralion adraitted of the removal of the 
I'vlinder- to a pj -ition between the carrvin;; axlp«. Thia form 
of engina (Fig. 19) haa baan kng adharad to hy Mr. Stapban- 



soD, though atill poaacwiiig the elements of instability-. 
Th* total langth of tho moot modam a^g;iaai of thia aim 
w8Pfcat,«dth*of tii»iilMil>Mi,l«fc1. Thobolkr 

is 1 3) feet long botwoni fli»-boz wd anoka-bos, aid S| bat 

diameter: erlinder^, ISbySi indies; drivioff-wlMala, 6 fiMt; 

and r.-irrvitiir-uiii'cN, .'l fed II iii.rhts. In thia engine the 
outside fraino is dlspvuscd with, the axle bearings are 
placed, esdosivel)-, inside the wheels ; and the exdosive 
aaa of tho naida iam, bt thia putpoae, haa aimflifiad it 
tala a mta laataagakr lar, 8 indiaa deep by 1 i Ineh tiiiek. 

Mr. I. K. Brunei, engineer of the Great We.-lirj K.i:!- 
way, whieh wa.* opened in ^H3S. liml, early as IH.i.:. 
conceivcj tlie lii'Su-abUnesa of a di mI-. J < \i<'ri«ii'ri nf ;;t\:il-'', 
1 aran to the width of 7 faet. lie contemplated loads aad 



r«. 1«.-Si>l<, OM fcrii^l^ 




much soporior to those which ti^ existad, aa h« 
wj traljr cooaidered that the railway tnBe of tlw aaoaiiy 
amt ba iouoMmefy iaowaaad. U ia Boi oar porpoaa, 
mithor ia it our iaeKnatiaa, to eanmi the reapectira 

merits of the i^-cf. Tl '^ (!ri-.it Wrnt'Tn rr^v.ii;'' «f 7 feet 
is now referred lo only it affiicLs the niecliaui-iij of rail- 
vravs. All that was inconvenient and limi-ita-, in the 
analkr gauge, aa rejects the engine, disappeared iu the 
hriger gaqgo; Mipa ma aSbrded, without radically altarim 
ttia daaign of tlia aogbo^ for* libeial gnantion of steam, 
a apaeiou* cylinder, an onlimitad wboel, aad a hi;:h velocity, 
with great loa<ts. Mr. Bruncrs orijiiul in li.i, e 

7 and 8 feet wheels for passenger enxim:*-'. t!> laite a Kiad of 
SO tons at about 45 inileo per hour — a hiL'h s]>eed in com- 
jMiiaoB with the eiiatiiig apee da, of tS and 30 miles, on other 
nilinjB. Tkt fntof Aa Oioai Waatani atoak coinpro> 
htndad OBghiaa with fl; 7> 8> and 10 CM whaah. of pnpoiw 
tiona Tarying with the idMU of the nniben. The Ajax, 
which wa- naii- «:t!i 10 r.'.>t whftls. had tii:t 17+ ffct of 
heatiii'^' s-iirfaw, and was found unequal to tlie duty required. 
The firaS i rigine, the North Star, was riia<ln fur tlic enmpany 
by Meiara. Sto^iaBaoB aad Go. It had aix wheels, and 
TIm ^lindMa wan 14 ly 19 laehao; 
r Ibatt aanyhig iw h a ila, 4 fM; Sn-hm. 



surfarr, 6(>f feet ; tobao, 9 feet long, 610 feet of BorCMO. 
Its toul wdgfat was 164 ton* Mup^t 18^ tons full. Oa 
tho 80th Septembor, I83S, this engine conveyed a train of 
nine eaniagaa and twelve waggons (gross weight, 184 tone, 
cielasive of rtigine and tender), from Maidenhead to LoHp 
don, a lii^i.iii -I! of 22i miles, at 32"5 miles per hour. Iu 
July is.'i:i, Mr. Wliislcaw found the greatest speed attained 
with passenger trains was SO miles per hour, and the aver- 
ago apaad 2S-48 mOaa. la 1841^ Mr. €ooah aUtes, the 
average spoidaf paaHmw tnlaa waa 8Ti tufli^ iaaladiag 
stoppages, with aa amago load of 67 tens ; on tho LoodoD 

and Ilirniin;;liam l?ail«ay, an avi'rara train of 4S*4 tOBS 
was conveyed at "0 miles per hour ; and on the Sonth- 
western Bailway, an average train of .'16 tons was con- 
veyed at a apood of 24 milca.* At thia period, tbo ttttkoef 
of the loeomotin atook of the Qraat Weatora Bailway had 
bow much improfodt IbIIm h^gfaiipyof ISflKttadAwiy 
of the engines, made to the Grtot WaBteni dnrntage, had 
i-'iiiitiR'nccii, it »a« ctirnplctcd in tho end of 1842; ami 
it iji iii^ly iixini results obtained poeterior to this date, that 
a cornet judgment can be formed of tho merits of engiaoi 
adapted to tho 7-fiBot ganga. Tho « 
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of th« ' Ixion' elM8 — inside eyiindera, and six whecb. TIm 
Iiioo had lyliadm Uf bjr 18 isabsis wluai, 7 iarti 
gnu, 194 ftit; flr»-Vix nilhM, 97ft«t; 181 talMi, S iadi 

di*in«ter, «iirfa«e, 732 feet ; toUl litalin^ surface, 8'2i;i feet. 
Weight, 22 tons empty ; tender, 8 Von* empty. According 
to the experiments of the Gaa^ CommUaioners, in D«'C«tnb«r 
IftMt witli an aTerags traia of 76^ tooa, a maxinom i p aad 
«f iSallltini attainad; and the arerags apaidWH 80 
■ili^ai ftktel no of 53 nila; tka total ■wmmition 
of «ol» mm 88*8 llw. p«r mil*, aod «f mtar, 101*6 tttl per 

hi:nr. 

iJf kte, a still mora powerfn] claia of paucnger cngian 
has been designed hj Mr. Brunei and Mr. Gtwch, known ai 
tha 'OiMt BritMA' dm {Big, SO). It 1m mml» ^qrlia- 



dai%«Bdk«MMM flight nliMb. ne«7lMnaMl8 

tgr M indiM; wheel, 8 feat :grat^ SI feet; fire-box (uriace, 
1S8 feat; 805 tnbea, 2 inehes in dia«iet«r; aarfaoe, 1 799 feet; 
total heating aurfaee, 1952 square feet. Weight of enp'ioe, 
31 Ions empty ; of tender, tons ; total weight, 50 ton* 
loaded. Mr. Oooch states, that this engine is capable of 
atrapooitiqg 800 Cwt of water per hour at k hi^ nlaai^i 
tiMt it it mfMtnt eenreyiag a load of 188 taw, at M 
milea per hoar, and a load of 1 SI tona, at 60 mWr? per Inmr. 
This, then, is practically the «r /j/w ultra of the Imiad' 
p»UL'<!; tli'ia;;h Mr. Oooch slates that th<' rv;i[Kir.ition coulj 
be still furlliiT increased to 360 feet of water, witlioat intai^ 
faring with the due proportions of lh«<pginab b 1848, Mr. 
•anaiderwl that the beet 




the 4 Cset 8| inch gauge, were eapAla of eooteying a tcdn 
of 180 tons, including engine and tender, at 40 mHe* per 
lUKir, on a level; and a train nf 110 t'.irs, at '10 
Adding the weight of cugiiiu and ttiidcr, with coke and 
water, 50 toM, to tlio weight of train, on the Great Weatera, 
tmiad that, at 40 ailaa par hoar, tha total load <aii«agrad 
aB«k«liMkMttaM,ia,t»tia*flom^ m«Im«mmw» 
faifa, 180 tone, aa 1-6 to 1. 

After all that had been done by Stcphena on and others, to 
turn oat an engine to suit tli" niniinou gaage, whtdi should 
combine the three desiderata, power, speed, aad stability, it 
was obvioos that a low centre of gravity and ft driving- 
wheal wm aniaggiiiitie slaiMnta, aad tbty imt aaisaiad 
to la iMoniMtttih. Tha gaaga coaM Ml ba 
aq^Mia had, therefore, to find their 
laoptiidinally, and upwards ; to gain high apeeda, they 
asanmed a high whrcl, and a h):;h nhr-id required a hi::!i 
boiler. To exert power, they adopted large cylinders ; and 
la obtain power, tbejr applied long boilera. Mr. T. B. 
fltaiapliiM hai tka «(it of htinag mini tha preblon, in 
an ilB MMMk af oaalhiBiaf • low aatn of gnrhj wHh a 
•■d • pamhllailn Ho coMiifad tha idea 




of an oxtrema driTingmdl^ iWWriBf i» ftatl tndir ^ 

boiler, and placing it io tli* tear of tho ti»-box. This 
iif'.miMIii;;-li)ui:k hi-itig rcinovod, lie liwort-d the boiler 
to ju«t clear the axles of the carryiii^'-ulii'i-l'<, n uioved all 
the maehineij to tlw outside, enlarged the fir»-box, aad 
rendered 0*017 P"* MOHriUo. Great freedom in ewjr 
raspeot waa thne gained, and utwoatad fiwOitiH won af- 
ford ed for properly proportioning the engine. The method 
of the outside driTing-whc«l, with some minor noToltiea, 
formcvl the snKji ti n{ n | .ii(rii In- Mr, Onunpton, granted in 
Febniary 1813. 'i'ho lirnt enj;inc3 con.structed on Cram^ 
ton's patent, were two, made by Messrs. Tulk and Ley of 
WfaitohBTOQ, in 1847, 6a the Ifamor and Li^ Baihmf. 
TIm 8ral of tfMa^ a aiz^wliael engine, naaitd tfio 'Nannr,* 
waa tried on the London and Morth-westem Railway, with 
every variety of train, previously to being forwarded to it* 
i;i;iinatf destination. It li.il I'vliinhr-i Ki by t;o inches; 
driving-wheels, 7 fcot; carrying-wheiiU, 3 feet D inchea; 
extreme eentrea of axles, 19 feet ; lUi tubes, i inches by 11 
ieat; fiiwfiato aatliM, 14^ foat; fiia-bozawtfaesk fiSliMt; 
tuba aarfbaa, 987 fM. la tha oaaMaof aqpofimenta^ owr 
■ diriBMa of 8800 ■ilia, thb oifao owfOTCd a tiak of 80 
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tons, •zeldilTD of angh* md tender, at 51 mttu (mt boor 
on H l<'vd ; anJ n train of TiO tons at niilfs pi-r imur. 

The &tr»t o( Crunptoa's cui^li ci fur llw Louiton 

and Nortb-wealera B»ilway. *l>«el engine, the 

• Laadn,' plaoad on tb» lini^ and workivg, in 1M7. It 
kMiftMtnlSbjaOiMhNt vIimIi. 8 ftit, airf S M S 



long; grate 8arfMii,tl4ft«ti 9in^m u k m, n Mttab* 

rariae«. 1435 f.*t ; total surfacis, 1529 foet; weight of 
cosine 2+ tons empty ; teiiiior, 2!) tOM. By experiment, 
thia engine found to civiivcy a train of 15 rarria^'i-s, 75 
tons weight, at 55 4 miliM per boar for 3 mitca ; tad » 
train of 11 tmkget, 55 tens wdlghl, ailn p» 

how, ia «■• m «f M 1 






far aWag to the power of the engioM of 
th» « fall 4 tach psagt, eonsiatently with ttaUlitj, wUeh 
■re peeoKtr to Mr. Onunptoii'a plan, poiutod oak hu ityle 

as the most eli,' for nri crrgine capable of competing, in 
point of power and epeed, with the Great Wnteru, or 
T-feet gauge engine The unBoandneas of tlie policy of 
faMiof up brntrj cnpan^ mmij to ihow what «an he 
iatM, h tfftmti ttllMy,aifwtbiln kvieAil to ttrte aorae 
particulora of GnunptonV engin*, tha 'Idvaipool,' whh eight 
wheels (Fig. 21), made by Meaan. Borr, Oarti*, and 
Kennedy, f^r tlio L'jndon and Murtli-wc-i'.p'rii Ttailway, and 
pompooaly annomKxni m ilm imtsi powerful loeooiotire io 
the world; cyliDdera, 18 by 24 inches; driving-wheel, 8 
ftai; cMiTtng-whiMU, 4 tott wntm «f txtniM^Mla, 
IHfcrtapHt; totoll(^glli<ir«B|^SrfoKt SOOtabM 
2iV inch outside diameter, by 12} feel long; b t g H t» mr- 
fa«e, SU feet; fire-box *ur£ace, 154 feet; outaSd* tobe 

»urfa< f, 2I.'>^> f<!i>t ; toul lioatiiir; lurfaw. i'i.'K) f™t ; weight 
«f engine, 35 ton^ charged, of wlui^h luiid 12 touf art; jilari'il 
apn dw ddting-wheoU, 17 tone on the four iMiIing-whct-l^, 
■ad t tdu «■ tin intaniMAiato wiieolf; Mwlar, 21 too* i 
totd, et toML, Tbia aplendid OMoater wak»i Out ttfnm 
trains between London and Wolvnton far MM tint, ud 
on one occasion conveyed a train of 40 emitgm within 
time, more tliaii w >rk f ir tlireo ordinary mginea; it wiw, 
however, laid aaide, on acMunt of ita exceaaiv* weigiit, 
aggravated, no doubt, by the great diatanoe of m 
wliith^vicidjrtoUnpMitlw nwintoBMieanf tin 
my. 

Numerous modiliratiuiiM of the loeomotive, of various 
marit, bwidea Uumo that have be«n referred to, have been 



hdtf. At the meet prominent of them are engines of the 
preaent nfudurmtiMof than b taiamd far » fatm 

obapter. 

Special mention haa been made of particular Hues of 
railway ui the pm'cdiug historical ttketch u( locuiuijtiv-us, 
obviously for the purpose of general illustration. There 
an BMiiy «lk«r diatmt nilwigni imr in «pentioa, wiuek 
Imn baan «pan far tnfla Mwnal ytan; huth iaoMow- 
aary to extend cmatHimU fattriidail lioit fiulkar, m all 
the railways in (ba eoantrj bsra ban anpnaand an^ 

iiirK-crn! liy a few, and liavc >-un.se(|nently hot few specialities 
of iho workiug biuck ie<^amug notice. The history of one 
or two railwaya, ia the history of all : the main features are 
idtatieaL The loading faeto are, that on tha first introdao- 
tiaa af fwmir nihny*, apaa4a af abaak 11 aBia yar 
hour only were anticipated; the laila tbaa anqilafnlwi^^hat 
only 35 lbs. per yard, and the enginea from 5 to 7 tons. 
Wlji ii r<pi't'd:< iif 20 and 24 miles were attempted, it was 
Couui aet;ta!«ary to have 50 lb. rails, and engines of 10 and 
12 tons. The engines were thus divisible into two classes, 
foar- wheel engines, and ai>-wbaal enginaa, patraniaad ra> 
a|iaitistlf bf Bury aad bj StoffavaaB, aa Aa landinf 
makers. Aa speed and power, eemrwiiUa tonna, increased, 
more acoommodatioD was wanted; outside-cylinder engines, 
thercfort^, wera constructed, weighing IS and 16 tons; in- 
side cyliiidera oontiuned in vogue, as by simplification of 
the machineiy, aaeoaowdation was provided for them. In 
athar qaattoia, lha pnga «f the nilwigr hnnag baan i» 
e w a aa J 00 par osoi. upon the previmuiy aiisting ganga, 
tha eaastraint faddsntal to the inside cylinder was very 
audi lalaiad, aad atill mora powerful engines were made, 
nttolial,Uto»toMalw|al Oatba 



Digitized by Google 



20 



RAILWAY UACHINEBT. 



, ton, tht boflmtf Uu amiiiM «•» Imgih- 

fload, and tlw fiivJboK uihumiJ, tmi tin l«B^MI*r ongioe 

wai tli-t rrsult, tvcitjhin^ from 20 to 22 tons. Fii:;ill\'. %» 
DOtn* ol' th« later ragines on the oommon caug» UaJ, uwing 
to peculi«ritiM of con«tra«tton, tniDirod u cluiract«r of nn- 
rt wd hm w at tfttiM, and of mamatd aoat of naia- 
tMnnMi CnnpiraV fliigui* ma iatradoocd, fa wUeh Uw 
whad- U n «a« extmdfd, aal mm aalUljr wmmgiit tte 
driTni)^1w*l bein^ pUe«d Ttehtnd ilia iSta-lMnt, aai tba 
boiler Iciverfd con>iiKr:iIily, Mi:iii«lii1i', tliu nwU were 
iocrMsod progressively ii> Cj, 7'). jwuiida per 

yard. 

Tha aaiMiad Tkbl% dmwn bom O^taua Haiak'a Aqwfli 
) (IMS), othibitat la eoBliaat, dMdIitNBt 

I at the time of b«ing opened, and, finally, in 
tlwyiar 1848, of thre« principal lines, orip^inally dittinct, but 
now amal^matcd, under tbe name of the London and North- 
wasteni fiailwajr, and niulat m* ^aral maitagniutil : — 



I Tbs conjidention* whieh aStdt tit* taaciti U m baonoliTO, 
M a steadf-going vehielay muJlty bafnmnn «h1i thoaa 

whieh concern it* abilitiec, aa a proJui-cr ;uiJ >liipenaer of 
power. In the mecMding chaptor^. the mechwicnt of the 
loeomfitire will be historicail}- ci>iir>i<l> red more in d^ iail. our 
tnnfamM Mag to tnee the courae tA altantioa and improTe- 
BMlt tnm Uw tune when intricacy aa4 tm yaf fimti <0 
fifMgm»'baiU(ia. 



CHAFCKE m. 

or THE VjLLYIS. 



TnB main mMhaiiieal faattifai of the non-condani^g Mtanw 

engine were familiar to engineer^ prerionaly t» TiamUdc** 

i!iipvr;mpnts in ISUt. TiiL- diHililL'-iiftir.;: liruli r, tlie cnnk 
and connecting-rod motion, tliu aliJif-viilvL^ aasd sseeentrio of 
Murdoch — all of theae had 



mHPABAIlTS TAW OF LOAM AMD SPBBM OT mxn, UM. 



I 



Numlicr »! Tnins to aiul from 1 
jirawiMl leniurai or italioB, > 

Arnm^' 'rHi^hit rf Kn^nr^ 

= ! ui.jlll i-f rn;;';!!.- 

ATeruga weight of Cuni^tet — 

Fmit (%»»..„ 

Sceoml OLua 

Tfilnl n.."?.. 

ATrr-u'- >vri-lit oi >'ii:,v.'i.i:;!r 
Train*, with engim and 

tenter „ 

Annf* wtttlii ef Otmdi ) 
IkwBi, wita «n|iae and > ...... 

iflBfflav J 

Awniise t]<ced of Ooods Trains... 
Srtateet ipeed of Goodi Tralnn... 
Averarv >|i«cd of PaucoKcr) 

Traina J 

Greettet *|ieed of Faaesger I 

Ttaia*, 





1 »ni Mmwtn^r^, 










mi. 












HlH 






90 


14J 




38 




id: 




44 










UM. MIS. 




7 


0 


lA 7 


1.1 


7 


17 


a 


li 


7 


18 18 


7 


u 


17 3 


IS 


& 


U 


« 


U 


7 


87 0 


3 


10 


4 10 


4 


0 


4 


18 


3 


13 


4 0 


3 


6 


U III 


3 


lu 


4 


10 


3 


5 


4 1 


3 


0 


3 i 


3 


•> 


3 


17 


2 


10 


3 10 


18 


0 


70 0 


CO 


0 


70 


0 


£8 


0 


7S 0 


5t 




ISS 0 


133 


0 


t7« 


0 


m 


0 


UO 0 


















10 




11) 


17 




I9| 




10 




20 


ID 




30 


20 




30 




21 




32 


17 




29 


20 




ao 




20 




30 


» 




40 






M 




28 




CO 














t 









Oooda fBgiDM ban aol, fa W> 4•td^ ntaitad ar m- 

qnired special attention. The diffenltia* wlitch M to tm- 

[iiftvcmer.ta were, ::i ^iiicnl. ciir-.iiind'ri il :ii tlie patseogfr 
engines ; aud wb^i lumi uvmi {ijnud giwd lur the latter, vim 
of CO arte avail&ble for the former. It has been, of coarse, 
iaqtnetieabla^ aritlMrot greatljr unwlTing tba boaiaaaa «f Uu 
ebapter, to aMartafa qnwUoaaef detaO. It 
to refer to such matt«f« of latemal ftrranj^ 
the general ditpoeitions of the machine; for tba tuMBIoliim 
ha.* Ih'i 11 In at.'il <|iiiti' ii't nmrli y^'ah reference to it« quftliC- j 
cations a^i :i Ljrnage, as it has been with rrgard (o its 
efficiency a.i an engine of power. And it niiul liave boen 
tk»tmA tluDugboat tba diaeuHaa, tbat th« «arrii^g»^inli- 
flmliooi of tfa* loeanetiva Iist« bad niHh gnatar infliiaiica 
upon the direction and rate of its progrwa from time to liini', 
than any other single rause; and that one of the main 
dLs'.iiiL'liun^ b'tivixt tint ;':iieri'!i'ii uf locomotives and 
another, was to bo Ibund in their respccUTa ruUiog abilitwa. 



be«B matured ai Sobo^ and 
wen in aomiMa uaa hattn 
th««Miaf faiiaataijr. Tlw 

pioaaanofnilwsyloaBiiMiina 

by steam wlto tlm.* I'Ut a 
colony, not jilaiiuJ, c«rl.viiiJ^ , 
but thrown ofT by tbe p«tri- 
■rebal Watt, wboaa froitful 
patanta ooirtaiiMd tb« gamw 
«f tba afplianlka of atom fa 
ill til nriety. 

Treveth'i ti .ij>i'lied the ele- 
ments of the steam-engine 
yery much as he found them. 
Ua nrn oootootad bimailf 
with HI ordfa8i7 «o«l[ Ibr tho 

moBoB vfaleb iheiiM wwk 

the valves truK, lUirin;; lnjth 
fore and back j^tar, ii(>|iears 
to hare been a frequent study 
fiwIoaiinotivebiiiUata. In tba 
aariy Xillfagwflri& 



tbe vahca wanmofadbynoamof »'aqanrobos«rtwaM«v' 

similar, no donbt, to the fiimiliar cawMnotion, wTtb wfaieb 

:; N'lis I'luihI. Ilint wl.cn ;be set was most f;ivi nimble Tir 
fore-gear, it wa« inrcriur for back gear. Mr. Wood, the 

ilrie^ fitting tha 




driving-axle. Fig. S2, a motion wliiili rv.i^llv nut tii'' 
desidetatum, and was midoyod pemuoently in tlio Kiiluig- 
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«nirt1k mginM, till tht i««iolnt(r>rary vrarlSM. A Iffw 

ilxr.l iqxm, ,\tiil Ti'ViiIvfJ wiili, tl.f ilr.vlii:;-axle, foiiiioil 
witb li »wd, which entered and &lid lre«iy m a coucijuuic 
groove cat in the body of the ocoentric. The stud found 
it* mj to oiM ud of du gnoTc, and daUniiiitd th* poaitian 
«(tlMMeuilrie«Bthaaadi,igrtb«{merlMicfMr. Tha 
mmII end of the eceentria nd mw Hmittai mm» 1*>^ 
tndinal play in the eye of tlrttnlMWdlalalwrw adJittUbla 
by nuts. ^\ ilh a:i .Mju^tulil:' I '-criilric, of saflicicut throw, 
■nd the atijusU^la iimiU ul travel of valve, the valve 
ms quickly opened and closed, and ita moyement was e<)Dally 
good lor both dnvetiooa. 1h» nmOtn ao dwiv«d, ma ob- 
Tion^f amiilar 10 dai of Cha MMiaiit taf9at4biiia, or tho 
mon modern cam ; and we haro acta Uiat Mnrdocb applied 
the former with much sncceea, in his unique Lilliputian. 

The loosf-ctivjntnc ^-lar wis onipliycd w itli iiiodifiTiitiinii, 
by Haekvrbrtb, as vte liave &km»iy mum, iiud iu the original 
inside-cylinder vnginea of the Liverpool and Manebeeler 
Bailwaj. Tlia two osMnUHa mca «aet in tm» pieoM^ and 
bdled taptlMr into ooe RM^ capdilo of aliaig 
tht axia heU raiii the cranks. No play was ponuitted bo- 
twean t1i« eecentrfe-rods aiid the valve-lever* — a nF«es«ary 

pre'.ii>'^i'ii ill lilul'. "[I''!'! fiiL;iiH'i. Till- (•I'rrut.'ics vvurr c-n- 
gl^etl iu funt and back g-: :ir, ly ivn maga or catches fixed 
ML the axle, one behind cu-h crank, the locking of thv 
aaeantriea htiug aoeon|»liabad by a foreiMa hrtenl n»Te- 
nant. Sepanto ■oAwiiim was amplof od to cantigl the 
amall eoda tit the eeeantriemod^ iwinMl with gaha to dia- 
eofaga them when it was neceaear; to ««ik the taltea by 
' haud-gcar,' ■«ini li i>i-. ;i?ionally required ai startiug. 
la Feuton, Murray, oud Jackson's first engines, Fig. 10, 
foo handles and a foot-pedal were provided for working 
tham— tha ngniator haadltb tm gah^haadhia, two fir 
iNikiBig tha Til?ao^ and tho padU for abiftiflf tha oceeBtrioa. 
Tayleur and Co. substituted a handle for the pedal, and 
bad bnt one gab-handle, in all four handlea besides that of 
Uu n-i^ul itor. Buy, liha Tayltni^ alM aapbjad Ibar 
liaudles, Fig. S3. 




I; X. iii CChmiehMl af Biiiiiita in 1818, and has 
baio wiouiljqipliadhythin. ForlooomotttMib Fif.M, 



The system of looee eeccntricB was An- l-i^-onintivc!!, cum- 
brous, compliciiiid. abrii|i1, .ind rosily Jcran^d. It was 
(benibre readily abandoned for a simpler and firmer plan. 
Two iait eccentrics were substituted far looaa ona^ on* 
to nob ^linder; thiawanpartiaUjri»niniiMBtoth«pri- 
initiva pkn of dw ixtd eaat, and the aame dUanlty of 

working equally w'] In ffn- uml h:t<-k j;enr wa? encouDtered. 
MechauisDi suitable for working eacli valve with one fixed 
aflbtdhqr tfaa nqaind liid both wv/m, «w Ja- 




the eccentric rod was finished with a double fork, to gear 
with till- pivnta of a (!riutik- fpanncr tli-:> trarprnn sliaft of 
the ralvcj, and was grooved to receive a roller on the end of 
tha fcversiug levar. If whiak A placad In fare or hack 
goar, with tlia hrmr or nppor apauar. Tha ipnad of tha 
fiifki naHad thm to ang^ thopiToti of tha apoamr hi all 
poaitioBa of tha valve, and to bring them hmna to tlio galia« 
This motion, daly proportioned, preserved the lead of the 
valve both ways— a mnis r <if An i which for niariy yura 
proved a ^lont <M<iii?rKnt t<ir iugenious youths. It waa a real 
advance npon the system of tho loose eccentric, as ooa 
handle suffioed for weafcfaig tha giar, and all tha patta waia 
aolidly put to;r*thor. Aa detfanta pnportiona anHt anbiut 
betweea the lengths of the rods and teveia, to afibfd tha 
neeeoaary an<;lo of the eccentric, due to the lead in fore and 
back gear, thii rrjcntnr^oiifi |>i<'>-<' of inei hanism was f oitiJ, in 
many coses, to b« ineoavcmeut iu application ; and thuagh 
oAar plans were suggested and occasionally employed, it 

waa nat anpaiaedad in loeaoMtiTCa nntil tha OMthod of fimr 
;o 



AmodUeitinofOMniiiabad^gaariBg^ Fiig. XS, wao am- 




ployed in FonaHor'a ostiido vfHakK 



in, amis 
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dcscrilwj. Thp ecfcntric acted reriicallv; It LaJ two Jircri;- 
ing rti'lf Cui-ilicil willi grilis, and th«i' were plnccd in pear 
willi Uii> iliiii!il<; •([larn^T. <iii the onr^ or tljo otlicr, or 
held out of gear, bv a doable-ended pail bang betwixt them, 
and worked from tba CHt^lllte. Tboagh it ia r«ry po««ibl« 
that this wM th« moat «inuiiadimis plan of gHxiag tu tlw 
eogioea in quection, th« ctnlbiwii lod eiatter tt m muj 
piecr--^ was notorlntn. 

TIjf inoonvpnicnce of rambinin^ in «n« eewntric the funo- 
tior.H of two was romoTod h_v the adoption nf four fixed 
M«enlrie8, of which th« Mtbonihip i8 uncertain. Two were 
fffovided for each cylioder, for working m pw l tw i jr in fare 
■nd back gew. SmIi MMOtiw bad nm ftwk ; and 
thbiigh the pha wrtaibd A» oM of fimr aseartriea, and 
additional loariu;?, tliE) iBcrL'i.'M j wurliinanship was euni- 
penaatod l>v prc«ieion atid i-vrtaitiiy action. The first 
appliratioii nf foar ec«ei)trlcx U) locomotives, was made by 
til* Uswthona «f Ntwcaatk, in 1837. k hi 
t^ Ibat aaoM liata ymiew^ 
, ta filiaito nlmiMalaHaia. MaUiag at RamMde, 
bad MBtrfrad, aod eomtnictad, an aOiiaBt ai«M of valv»- 
gear, forloeooi<iiivi>.-, in ^vhieh four eeoeDtries were employed, 
in the manner afterwards wronght out in practice. 

In all the forms of donble-eceentrie gew, it was neeeosary 
to adiMt ajmnltanwHiiij tba dJatnpgMMnt at ana pur it 




1lll|>hnili'tTttt»tM. U3I. 

verse shafts, tliu principal uf which was worked by the re- 
versing handle, and {niniiiaiiiif'ti the fore gabi ; the soeoudary 
ahaft ma linkad to, and workad kg, tlw prineipal abafi, 
and ft bad dMrgeaf tbalHHltgabi. AO tba Jbriia ftand 
boa btloWi and one movement of the rrrerstng baadb 
alavatsd oo* p«ir, and lowered the other. Thus the numi- 
pnlatioii was simple and a.* tlin ri -ipiy).:>a1 a:'tii>n of tho 
gear balanced the weight of one pair of rods with that of 
the other. 

Sbarp and Bobaita* plan was kas bappgr bi its amiv*- 
vMnt. W{fbt«n»tMBBrHiarfnlla,aabBlipkanion%dM 

ono for tack gear was placed bdow the other, and worked 
by short tack levers, and links — a modification by which all 
the c*Ui wi.TB raisrtl <>t lowered at once. Than thf^ fore fjabs 
engaged front adovc and tlio back r;ab:f frum belo\v. In this 
plan, it is obvioujt, ih« second shaft might Iiav# hem dis- 
peaaid whh, as tba fint abaft could havo discharged tba 



djuMo function with ;:rcat propriety. Tiv placing ths fore 
gab aiort the pivot, it was prmittsd to lie solidlj in gear, 
wblklnaaiiaai thai«htbB - — - 




cing character of Stepbenson's ; and, moreover, shoald tbs 
fore gab, by an accident, have fallen into g«ar, while the 

enginn was plici-il in back triia.', rupture was inevitable. 
A common modiiiuiiHin oi the tmderluuig gear, Fj^ 28, 



r%. M , » ci i» 




was in v,Ty L;«-nrral u?.: by nury an i Co.. and others. The 
•ecoud idi^t, plMoii beliind itie first, vim Uott^, and workad 
by a short cranked part of the latter. Thus oompsetnw 
«aa eocaUnad with tba atU-balanoad metlo d of .>tcphonMa. 
A niialij af dda Motion, Fig. ma cmp od by Hkw- 




thorn ; he transferred the reversing shafts 
bib* tba forks, and had liuir baaringf fizsd 



to a position 
to thai 



1 
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box. Thii< arrangement enUrd; clcarod out ihe 4pacu below 
tht baikr, and rendered tiM g:oikrin» more fteeeMiUe than 
bafcn. TIm (on gM> wan workad bgr (Im fint iluift— a 
dotj nUcli, in tin frtrirai esHipl«, 4ml««d ■pan the 
•eeond ; and ihough tlis ihaitiHii ofdw Imm «>fli]r«A in 
working the Mcond ahaft mcraued and «Me«Blnl«d Mfaini 
in the wi/rkiiii; pruU, and ma;;iiitii'fl (lie slackness wising 
from tbo woir of ^uit'^cea, llawtliuru°« (Uulcun uai inorc^ 
■faaple and aolid than tlu> oth«r; and th« repairs upon 
engines fitted with it, btm htm CmukI to U nnadubly 
alight. InBiirf*iiiMliaa,»pMiiliar««iit«»«f«*>r«riilid, 
in the nm.le of suspending the aegcntrie rods by pointa 
apart from tli<' fioiohea, as the tortieal motion of the tocen- 
tricr! w;is tmr.sinittcd to tlic IH'ti'lir'! llirrjusli tlic p-aints of 

•uapenaion aa fulcra : with a Si inch throw, and a lererago 
•rs tol.tl*wtied notim tf OaMsmsaMilylnir 



Ti MHolUilt tite gearing by disptoilqg «ilh tlw 




i-yliinlcr i'i;:;ilKS n! tin' T'ari^ and Ti.nucn Railw.iy, in whli?h 
the forks wers opposed, and norlcid '>y ono lever on the 
reversing ahafl. The poeit i'ln of tliis sluift U low leaves clear 
Imid-ciNMn nsdM tha boiler. Tbm aam* naotiwi ii tmgHajti 
on Hat tallwaj at this day. 

Ja.'V-Mii maJi- sa ulTirt still further to simplify tli>' ^i-w- 
ing, making the rvv«rsing shaft. Fig. 31, hollow, and con- 




L-t'ntiic with that which carried the valvo tww. Th* mu- 
peiUmg leren were nceessarily plMsd on affcatto lUm «f 
the shaft, and linked at aoina diataaaa ftsa Mm mrtthta; 
wliMi iafoh«dtlwoly«etiaualna4/DoMliBllUf^g^^ 
aftlMwtloilpl^aflhapta. 



Some attempts have bs«n made to saperaade Iks ecccairic 
motion, by eontriTances deriving their motion from tho eoo- 
atetim^iod. Mr. UoUiiti^ fanMrl/ <f tht LiTatpool and 
UaidHalw Sidhnr, OMd* • atnd «o tin ni^ 
connectii^fmd, iHiiali» by the ntoa of eonneeling4«d bm- 
tion, daa«^Mft^aai«a( aDipli»«iirv«, as represeotad in 
Fig.9L Hm atni mtktd « aiMCMiNadiM»l«m^af 



r 



wluoh tlw axis waa pkead in the eenlrt of tha oral. TWi 

■im the pin carried round with it, and oB the Kaiiio ixi* it 
small crank worlted the valvo-rod, likt au orJiiurv ccccntrii'. 
The anjubr motion of this crank wat varialilo, .•>»<! il was 
slowest when tho crank turuc > ili<; 'WM poiota, at the time 
when it ought to have opened ih» port with the greatest 
ealMHy. MaQim, pumtring tto aljiagtMW, aanuad tlw 
vabaa to be mritad Iby Ob ooauaiilii^nda «f Hkt aitantata 

cy!lndi'r^', wlilcli cfTc-cfcJ a niarkod iniprovL-nicnt of tin- ••x- 
haust. Hawthorn's uiociuu, fui Uic- aiune object, Fig. SS, is. 




liki' (he Niher, actuated by a pin in tho siihi of tho ronnect- 
io»-i\>i, which works in a slutt«d link tiiai traiismili only the 
vertical motion of the pin to the valve-lerers. The Icail is 
refiulatad by the inriinatiim at the paraUelograiB, a^joitabla 
opon tha Ufvifi and Ifaika. TUa aehaua i> tm anaplt of 
what Ocorgo Stephenson used to phrase ' the danger of too 
much inzenuity.' Though it yielded rwpoctablo rc!iulM, 
till' [ilan ha.-< not liefn received vitli niurh favour, fw lit 
motion really waa no better than thai of iha ««c«ulrit!. 

Is aR af (biM plans, an intermediate traverse shaft was 
necMsaiy to tKBanik tha aglian to the valves, aa the valve- 
spindlM eooM aat, aaeordinf to tha prevailing arrange- 
ment of th" sd iiri i hi si (,riT llic cylinder, be in the same 
horizonul jibtio wt(,li iLa «iriviug-iixle. A modiliealion in- 
troduced by Stephenson, however, by which the steam-chests 
were reotoved from the top and plaeed lietweeo the ey Undan, 
onitinK iato one a^aaiaaa chnt whh vHtieal TaiT»-&ni, 
aoabted him to bring tha nlw^phidlaa to tha bfal of tha 
driving-axle, to dimtaa tha intenaadiato dmf^ and to iroirfc 
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the v»1tm directly. The fork», Fij. 3*, w«r« trwwferrwl to 
th» fd»wod% ilia U» •«mlilw«i4 wd« fci»d wBh pUin 




pin^ ud lioked. Tbu motion, as it «m tlio nHNt direct, 
aod tntelwd tlMlHi«t|Hli»«Mth«lMt«r nUtlttduid 

Mr. PMnrail*, IB Vnuas, inittttd tli* diiw^ nKideti of 

Stvfilifn-r.n. adopted tho vortical v.iU p-fir. . ri-l:iit)«ti 

the forked rod-s Fig. 35, placed tliem ficin;; one a: other, and 




liukttd liivut to tliti reversing stiatt above. In this machine. 
M in some of the others, tho w«ight of the moring puts of 
tlw fearing w Dnbalaaatd. TlMappliartiaiio(«]ubalane»- 
waight br tba porpoMof «nUiiliiag HI tqunilitam, bs 

refinement of later application. 

Mr. Robertson, of the GUa.Eaw and South-woiitrrii Uail- 
wnv. rii'J'uvlri:; in tho rcIi'joI r.f liuiliii'-Diii (wiili .iii",:<i'li- cy- 
linder and fixed valTe-gt:i r ) . ill luK iii i-l irii)ii--ni ioci)- 
notiv'eo, retainad tha gal> iiiotn.tj. Tin' inntn.ii i-<, like Pau- 
wM, diiMt tad aM|Mnd«l fnoi »i»ft ; tad, lik« Jadton'a, 
it baa ana UiM Tawa ibaft witli tm larcn, ow on caek aiib, 

t'j c-:irrv ttn- f"il,*. This motiiMi i--. liiiTot auJ i-'jIi' Iiulalidng, 
anu i* jjroliaitil^ the best arraogeuniUt ul gal> mtiliuu. 

A glance over the foregoing specimens of vaive-uicclianism, 
ia aoffioient to saUMty una of the difficulties encouat«n!d b)- 
•qi^D^liwMeiv, la Mlawing oat their napaetira daaigna. 
A fiaiaf tu Intriciij aad foaint originalitv, appears in some 
inataneaa to frnn ngvlatoii their practice, though it is prob- 
able that professi'Jii.il junldUHy lim! i:iiir>- tn Jo with it tl.uii 
either. Tu imitatu woii dishonoarabk, aud tu uulcr v%a^ 
easier than to iroprore; yet thata ■ a talent in selection, 
Haarij diatiogaiababb iltoni initatiaii, whidi eanalitiitaa tba 
atafila of mmf a nmila lapataiUaa. Wa liava tatmd Aai 
the gab motion maintained it* position in loeomotirc valve- 
gear under various modilicatious, being eompeteut fur all the 
ordinary ri-'iuin-m.-nt'* of the eDgine-drivi r. Ii was floillj 
superseded bj the Deceaiitiaa of variaUe expansion. 



CBAITBllIV. ! 

KxPAJtSION VaLVU. 

MrapoOB'h vln, wbiab bia bean nninnaUy ampUgrsd in 
the laaonullva far diitribating tlw Maam, had, in Ra primi- 
tive form, Fig. S4j, but a trifling amount of lap, onlr iV itlfh, 
mer«ljr Boinioal, and applied only as an •saumtca that tlie 
•taaa Avald iw««rtar ai bath audi af tba ajHidiri* tha 

1%. M.— Slak. Om-iLi^ 
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same lime. Engineers were !:■ lir.t'nn i Jiiefly to insure a 
tiiue!v and free ad!iii65i'jri "f ft':irii, ii:i;iwnr<' of the roncli 
grtaitar aeoaaaiqr for an early and iibrnl exhaustion. Thia | 
valvamaiBaatDOMnaaaaiitillSSS. The steam paasagawaa 
apaoad ta fha aahauai Imndiatoty after it «aa alo»d Cur I 
admiaaion, and bath avnta took plaea at tba tmninatbrn of | 
the strokf. Thus no time was allowed for exhan'iliiin pre- 
viously to the liejiinning of the sacceeding stroke; aud to 
little were the defects of this valve uaderstood, according to 
Mr. W<Nda» tbat whan, in 1636, tboit^troke paaMOgar 
laeoowtiTiawan intiadaeid on llw Liferpadl and Manehea- 
tar Bailway, to nm at high «p«ada, thnr pmHutvmmif' 
tion of fuel vas referred to the mechanieal ditadvantaga of 
the »horl-t.inil,r, 

In 18^ oil the Liverpool and Manchester Uitiiwiy, it 
was determined that as, in some instann-s, j and \ inch lead 
00 tha ataam aide «a« paraiittad, tba affagt of tfanafoni^f 
tba load to tba athaaat atda of tha Talva dtaald be triad. 
T!ic valvi > of the Lightning, liaviug originally ^ incli outside 
1j|>, h;i:i il lacrcasvd tu -} inch ; thus, being set to open tha 
' porta for steam just at the Uiginning of the stroke, the 
exhaust waa n«c<>ssarily, at the same time, open } inch. Tho 

imore efficient and timely azbaaat ao aSbctad, reduced the 
opnauinption of ooka tS par aant, and imprarad tba apaada, 
wbiab with uaay locomotives of tba dar, did net previonalf ' 

' oXTtf.l ."0 iiiil'-s r-r fiNiir. I^i tin' !i<'u-iiiiiun' cf 1 ^ HI. J inch 
I of lap w<ui givcii U> ibo valvt-s wl th« iiajiid s^id lli>-' .Virotr, 
the stroke of tho valve, inches, remaining unaltered ; tho 
coMtmiplioB ma tbatabj ndiiced finm 40 t« 32 Iba. per 
nul^ or to par eent. villi tha aama tiaina. 

In I63'j, TAt. John Oiay'a variable expansion-gear was 
applied to tho Cyclops, on the aama nOway. This gearing, 
by v;i.-yii:^' th.t triivrl nf I lie v,.1m-, >;a!._i! ;l:r yvrk.l »( tint 
tMltiiiu'.uu ol stuuu, b«(wevn aud 4t> p«r etfut. u! the 
; stroke, the steam operating expausivrly. during the greater 

Ipartoftbarmuundar. Tbavatteibad j' indiofeulaidelii(k 
aad 4 hiah hHida; the difemiea, } bdi^ ma Oanfeia tba 
excess of inside lead, and tlie lead was preserved constant 
for all variations of travel. The results of Gray's geariiu; 
islhiwt'cl .111 ixi'ti'Miiy of 12 per eeut. of fuel, as compared 
] with the beat workluj; eiiginea oo tha aama lina—aa ad> 
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T3nl.i<<;« whicti was, withont doubt, at(ribuUbl« to (h« 

t-.i-l^ r i-iliriiisti'ii: lyf tho st^arn, l to tho lii^'^itir prc-- 
soro tliat WW omplaved, quite m muck as to ibo use of <!X- 

In 1840, Mr. Damno^ on tlM Mma nilmf, eonccivin;; 
that the passage to tte Rlwnt cmglit to Iw nnrly wide 

<■[■! 1) at tilt ci.ij .if tlif -tn.k-?, tiiiiilov.r.l 1 uf l;ip oDtstilv, 
and iocli travel. Tuu r^.^uUf, vviU< llw Kopid, iltowMi » 




4M 








Mi 







flit «f coiuamptioB from S6'3 lU. to S8-6 lbs. per mile, 
S5 par cut. Tim MMm «m cM off at 79 par cant, of tin 
atrafce, aa4 whmtod at M jwr cwt; aad tha valva ma 

1 ineb opened for the exhaust at tlie end of tb« stroke. 
The wasto steam prerloosly choked up in tbe cylinder, and 

Bteani was thns employed, tht liimi <>ruic« «m eniar^M l. tli .' 
biaet tluiiebjr aoftened, while it maintained a lafficiency 
of ataaio, the oolw ma no lomar Aifg>i fn» it* bad by 
tiM Titlioea of draft, and tha ft«4Mn mU to phead (Wr 

together to reduce the leakage of dsdera.* 

The following table, arranged by Mr. Woods, in 18i+, 
exhibits the n-sulls io tl.o r;:ii<iaii[it m-i of rnv-, .if t'lic :in- 
proTeme»tf« miocetsiTulv to ifm l:K-i..mii'.viT. nf ttir 

Liwipiol .1:1 il Manehw-tfr Ilailwav. Tiia aeecud result 
was the efligct af » new mode of deliTeting the cofca to the 
engines, by vUah tha hidtfidial aaumiptidii of t/wj 



engine wae aeeertaioed, ud which induced a ^irit of riralry 
ainongd tha diivin. 



Qrq** wrmtt c«iimipti«i 



,...0M vsItc, /, ini.il iaji, isao. 
( OIJ vnlTf, . 

' ) of iW 

,.,.V 



} of iWiv. rv, irtast. 

"1; )U- VuSri iri^M \ inch lap. 

X' jU? ViLvua wiiii J indi lap 

Z8 11m VoItc* with 1 iach Up. 

2S Ike. i ^'•'^ *>>h 1 iocb Up, with iocrMtad cm* in 

1 1 Wb Up, appBad la ] 

wlbi~.. 



fVahaii 



Tha naoMHyaDd afcntagn of lap wm ortahidiad li^ 

these experiments, both as to its faeilitiee fur afbrdiiqt 4 
free exhaust, and for working »t«am expanaiv«ly. WHhont 
lap there could 1>:: im f-sjaii.-ioii ; and tlj.iii::h it mivh ir.nn- 
duced primarily for ibe parpoise nl au i:liii:ieul relnse, its 
advantagta as a moans of working expansircly, becama 
likewiw afpuant ; and it qnieUy found ita wajr into oob* 
Dion nao em other Unea nf nShnj. 

Variable Erpa m iM Otor, — ^The engines having, by the 
application of lap, got roliered of the greater part of the orer- 
|iM.v'r;;ii; ri si-fiiii'i; iif li;j.;U [iri-nmi, 111" nlil;' iiii:ljtr< nf 
v.in.iLi.L -u xTui.siori gear www iutriJuewd, Tlieae are j'edu«i«le 
to > I l.i^f s — first, those mechanisms which operate upon 
tingle valvea, bj nujing their tmel; aeeondlf, thoeo whh 
whieh two ytint ara anpbjid, of vhidi i» apMiiiBv 
dcsif:;ned for varying the evpoMiaii. Inereaae of eipaasMiii, 
it niurt be obscrred. Is obtained simpty by causing the ralve 

to cut thf -■ti'UIll illF i-r-irliiT ir. til!! r.il.irsr .if^hi- stniki-. 

Variabin iCjtfiaunitK (inir triih n flutiU vaiw. — In all tJie 
individuals of this class, the travel is varied by means of 
meebaniam ostarDal to tiie t-alvo-drnt. Otnjr'a guriagt 
Fig. 98, alnm^ tdmti to, m appliad on dw Lmipool 




and ManAialar Bnilwagr, it tha 1in« thatmi in4hia eiantry 

• Oa fkl CoaraarptbKi ol tVI lit \U iDfmifttmtl Am limtoiladltaiAwai 



applied to locomotives. Tho pin of the eccentric-rod works 
in » a^gmintal leTor, cured to tha ndioa of tiu rod, the 
nppwaadof whMiblinkwltoth*val«a'9hidk thn^ 
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the lever, being concentrio witli tbo foro-rod kt tho bcpn- 
ning ol tits atroke, the rod amy Imi raided or lowered in (he 
■lot of ths lam to mj nquired distance from the futcrum. 
w1iidi|«rMaM, ngglitM Uw tnval «f til* nliwa «IuIb the 
\mul reaMM nnehaigoL Tha rtvaniiif inaakHibm «oo- 

a'.tts j-rlTi..-i[ia-!y of a wrooght-irrn friitn'-. wirich »lidc« hori- 
zontally uu two Cxrd pivots, ;utd (."diiiea rollers, which, 
norkisg in proved Invert linked to the eceentrie-rods, place 
tkan rod* in and oat of g«r, widi tha aagnantal lavar, as 
nfvirad. Tha aictkm of nraniiig b, In <Ua madiuisni, 
Tary niUnkljr IMrformod in the quick hemh of tha gmvad 
tavam; a«eordiD»),r, in practice, very fcreat amraal 
power WM dcmaoded for tl>" upf .'.it. jii. To Mr. Gray is 
due th« merit of llis first appki:aliija of the principle of 
Tuying expansion hy variation of traTol, whether in loeo- 
motim, kaAf or buuwm lAgi n aa > prtBei|iiI« of priiMiiy 
ioipMUaeo at tho p n wo * dtj, Hbm^ w^gfanllf toiMiail 
« s conplintad mi imwTMMiit vkut ttgmt. 

Vb. (kbnj, of Hkm Hoitk HUnd lUliift/, onbMlM 
Iht idMoftlMWtitttaa «f tniid Ib s iln^ fan, Fig. S9, 



blast-pipe and the mullitabular flue. Williams's incipient 
' link,' Fij;. 40, «ra« a slotted straight bar, which connected 
the straps of the fore and back eccentrics, filnned with < 
to secure the linking pat. Isthaillltof liMUoltftl 
block, hnn^ on th» mi of » nStm Unk fram tlw ydf9- 

spindle, wa< .niiii<table toward^ i i f en ! i r the other, to 
receive thu uiotjuii of the one or tlisi other eccentric, for fore 
or back »«ar. While the link would partake jointly of the 
two motioaa of the eccentrics, its horizontal luotion wotild 
bo aaallaat at ttio oantra of its length, and iocreaw t«imrA> 
the cxtrNBlilM. Tkiu, kj diifttng th* Mode taptiila tii* 
centre, ibo trrnvtl of nlva weulcl b» r«dfieed, tixl TwMtW 
expulsion thereby obtaiiii l. T! i ■ ' Ji-: i ii n v I i iIum -i ill 
arrangement hero proposed aiu uiniuu-i; tlie nica via*, huti- 
ercr, developed by Mr. Howe into the more practicable 
ansafniMl, Fig,, 41, firal applied to the angiaea of Bobart 




in viliiih tlic pin of the fore-rod was ndju!tal>li r. .i « I f. ted 
kv.-rnr ■ -liiling fi>rk' oil the valve-sLaft. lu tiiis uicehan- 
isin til" It .'t l iiK-reai«d rapidly as the travel was shortened. 

Tlw laci md moat porfeei omiiodiinest of Gray's prin- 
«l|ilo of tho fSriatlM of tmnl, lor wotking expansively, ui 
to be found iu the ' Link-motion.' Nothiu;; but an impulse 
of genius could have given birth to this exquirite motion : 
and thoui;h, in its ii.-st i: i;e«ption by Mi. Williaii ■', a', one 
time of Newcastle, it was rude, and even impracticable, the 
iilcawas there, and it had only to bo cleverly worked out by 
Ur. H««ro «f tk« Forth Strtat Worki, to nndar it, in eon- 




VMf7iAs Eip«in<r«, 



junction with the lap of the valve, the roost f«liei(olu 
wi|niiition t* tiw baoMtiTO tiiin tho latMidiMtMiii of thi 




Stephenson and Co. in 1843, and from this time the link 
luM ba«a adojAad gaunUj hj ail othar EqgUak ouube- 
tnnn. TIm •eeMtri»>ra4t, diimiiiad in origiaai ooo. 

ception, arc here retained, aiid tlieir extremities connected 
by a eiirT<rJ linl, curved to the radios of the rods. The 
slide-block is placed directlyoii tli< ' ini i f tl ' \ ils' lu ll', 
and the eccentric - rods and link mv mUiiiM-d vertieally, 
similarly to tlie ordinary gab-motion, and may be mnintuned 
at any oIoTMiMi roquired. Ibna » aimpla aud dinol eao- 
nection k cataUidiwI batmen dio oMantiieo Mid tin tbIvov 
more nearly the centre of the link in bronzht to tha 
sUJt liock, the shorter boctmiia the tivvol of thn valve, and 
the greater the degree of expansion. The lead of the valro 
ilieMB«<» with the degree of expansion ; this variation tllO 
twatare of the link cannot annihilate, but it i« reduced 
and made equal for tha finut lod back atrakaa of Um piitoa. 
Since the application of tha link by Mr. Howe, bat littlo 

bas beeji ilnn- ;m ii:i[iiMM- i'- ui'tin:!. In inaijy cases, 
Williams"* originai atiaui^BiutUt Los Utiu parti.illy 'tdhered 
to, by suspending the link directly from a statini-'j. [M.int, 
and employing a radius link for shifting the block. In thia 
plan the eurratura of iba link i4 reversed, to face the radial 
link, and tha laid kwMlHtt i«r »U dagnea of aipanuoa. 
A nhraU MMtyab of tin Bnk-notien la raaarvad for au<- 
ceetliug cliapterii. 

Sub«titul«« for the ' link ' liave been proposed, with no 
*aijr1aifiU*olgai!t«Ha|it tlw mmag gf lo acentric aitd 
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lb« regulation of th* ImA. In th« Crat place, w> We 
Falw'b awK Fin. 48. «. «r nrfilyiag «1m wgitt 





adrance of ibe eeemtrica, one to cadi ^lindar, hj a^jortiqg 

them laterally on tbs axlo between tha enak, fitted with 

Bpiral ^atliers, wliieli work in gmni-ea {n tha C('i-<iilrii'<. 
Eacli c<o< iitrii' is utl-whixl to it link, which vibrate on a 
fixed <'i'iitri', .ih l \i ^loili'il til ri'i-t'ivi! tlje end of a raditis- 
liok fcoiu tha Taltra^piiuUai thealantion of tlia ndina-Iink, 
in tha linlc p«|Mr, MfilltM tlM dt|iM af i 
the lead ia pre- 
■erretl («n>tan( 

bv ^ .nimL't:iiit'iiiH 
aiijustinent of tlio 
eccftitrifs. Agnin, 
Mr. Cmnpton'a 
biwbas^ F^Mb 
ia Dieicly a d©- 
Tilopnent of Oar- 



inth a alaglo lix<nl 
•oanatm; in this 
aaaa tlia oeoaitna>nd ia novabla, and aUdaa ia a doable 
l(a]t,|iiaaMl«DatnvMaaaliallaa«Mrti«. A lUrd daiiga, 
F«. 48, Igr Mr. Dadda of Nawcaathi prabali^ I 




tlmn either of the others, is thci la.«t fruit of labooriag geaina 
in pursuit of the t^niw fatuu* — g<iad rTpiniirm jpiar. vidi a 
ainigla aecaatne. Ua iclapaad into tlia aiplodad pnetice of 
tlie looae eeemtrie, norabi* — not like Fentoa'a, ht«fall,v— 

but traiisvprifly on the axlr. A .".lio^v.?. with two |>air.-< of 
wedges ia one piece witli it, and Mjiiare w itii eacb oUier, is 



movable along the axle ; and by fiireiUe Utctal motion, tlia 
wedgea, one pair to each eccentric, pass throogh an l act upon 
correepotiding elopea in the eccentrics, and ahift them acro-iii 
tlie axle between the forward and tlia baekwaid poiitioii s . At 
iBtaiaMdiatapoiitioiH,ofwaiMbtka«ee«ntri<iljiaaluft«D«d, 
aad dna niiaUa«>|M^ ia a» aMomMi. dwH^ tlMlai 
iBuiwatu with the expansion fiw aMaidaf AaagrUadir, and 
daanaaca for the other end. 

ymriaiAt Hrpamoit Gtar irilA DouU* or Suptrp^l 
FilAMt. — These are of three eUases — Tappet-TalTea, screw- 
set Talves, and lever-sot tsItos. 

1. T^^tt-vabm. — 'MnM valTo, ai^giBaUj adMBiad 
fbcalatianai7aBgiiMi^.iiaaiiBtapfliad,iBl8il^toa k«»- 




rontire on (he St. Ocraiaina Railway in France. The Talva 
proper contains the ordinary exhaust cavity, and two 
thoroUL'h lias»3i;ii for sti^ani, and it.i travel is a fixt'J quan- 
tity. The i-r xjii'i ra'.vp. a flat plate, is placed luutw on the 
back of the vnlrc. atid moves with it ; the extent of its Irard 
being daiinad by a couple of earns, between whieli it ribtatai^ 
and of wkldi flwelear opanrag is ngnlated by tMtlMdaMtota 
and levers on the oul«ide of the chest. At each roclproca- 
tion, the projreiis of the upper valve is rhecked by one of 
tho c,itii», and the lower vsIm- r(iiitiii'.aii<; tu pi^rTf;;* in tin' 
same direction towards the end of its travel, the steam 
paHaga elosea nndar tka appar valve, and tbe steam ia 
snpprasBsi. Bjr dimwingteptliar tha came, the wppf lariaa 
tabes plaaa carliar, and thoi rariabb aspnnion ia olrtHnad. 

Ttii^ motiORWaatOO louse fi.r tlic hi;-h spmls of locomotives, 
fur the jarring of tho phiu- and tlio caum was incessant and 
violent, and gave rise to frequrnt rfpair. 

£dwarda' valve was available for cutting off only during 
the first lialf of tite stroke, because, as the crank and eceen- 
(ria wart neatly at "glx an;;'lea on tha abaft, tha tiafvl of 
tha valve, and eonsequently (lie action of the eama, tennl- 
nated about the lia'f ftrnko nf the pistim. 

M. Farcot, a Krcncii engineer, devised, in 1836, a modi- 
fication. Fig. 47, of Edwacda* lalra. Ha diridad the nppar 
plate into two, one 

to each ateam way, " ""* 

and niultiplied tha 
anttaaeaa, i« yield a 
apsadier aappMssion. 
The platea were set 
right for the adniis- 
aion bjr atuda, which 

acted on the tads of tha valra-cheot ; nd their i 
for tba rappreision was regulated by a da i M a aMbal aam 
fixed on a vortical ^indle. Tba espaniita liMMtiMi ta ttia 
valve, ii^ M in Ed«aidi\ VmlMA tn tha fliat luir af (ka 

stroke. 



5^ 
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M.\l. L:i^'3Trian iml Dequoy, of Lille, pMenUxl, in lS+2, 
:i t>i»'ii.- of rcuJcriii; Fawipli tilwi fii li M i far w ypw i nj ; 
M all parto of ibo 
■troke. They intatw 
Mwd » thM vaira 



plovnl tiy Farroii, 
wliic-h iti.nriKl 
by a separate eccen- 
tric at right anglM 
whh tht flrrt, nd 



A: 




mllitfatemk. Ai «lw tn««l of tke ntddl* vih» fa eon- 
WfHDtly simultacccius with the ctrok<> of t1io pi^tnn, it I* 
obfiowlj araikble, in oonjuiictioa with Uie pikropli«rnalia 
of (htM, allium and tifftli, Ibr nppmra at iQ pvU of 
tht thwIttL 

inynwIiMMa pteeea of m ajhi lwi fa* Inataattiraa, ga^a riaa 

to othar «s|i«<ii«ata, in willed tha dtaraeUr of tlia matian 

was grailual and contiiiuou?. 

Mr. liodnior, fiiriiicrlv uf MaDchest«r, was the first to 
apply, in hia doublc-pisttin looomotiTe, patented in 184*1, the 
rfglit aal laCl haad aonw for adjaating tbe axpanaion Talva. 
Besidea the ocdinary alida-vahra, 
he introdoeed • eylittdfieal Talro 
for rxpaiuioo, working (team 
tight ill aovliiiilrii'al c;im- without 
packiiig, aud moved by a separata 
aoeaatiie. The valve waa in tmt 
piaoaaimaiM apindla^ and it waa 
iha fioMtiaa af tha doaUa-artfai; 
screw- t'l rrgulat/! their distance 

apart uii iLu ipiiidlc. Thenteani, !!„,„,,•, r,r~-k.T.i.t is»:. 
rntrrini; fpnii \*/.!iin tli-* i xpaij- 

sion valv*, waa atlraitted through opcniiijjs in the case to tlie 
hack of the ordinary elide, which w«r« alternately closed 
and o|ianad fajr aaoond valva; and tba tinw of aoppm- 
aiao waa tbna ngolatod hj tha diitanea i^art of tho two 
pie^-c? of the valve. 

Mr. Uodiiicrs e\p:ini "n sulve, placed at some di.-taiic« 
from the ordinary valvf, hi i im c( tilml over the body of 
ataam that axiatad between the two of them. This imper- 
bction waa laaiadiad hj M . Major of Uulbauaen, who 
, ia 1848, ft nadilMliaB af Bodmr^ valaa, Fig. SO, 

iiL Mb-aafe^ OH^miiiia. 
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■eT«wg, are planted on the hack of the principat valve, aud 
control the steam pa99ai;es wbirh pa«s tlir'ni^jh tln' latter, aa 
in Edwards' valve. The spindle of the expansion Uocka is 
inoTed by a sloUad laver ditaetlj off tha cnaa-head of th« 
piatoBfiod, tha BeUaa af whkh ia a^aitalent to that of an 
oacenlrie eoineMinf with tha maSt, aa amployed by La^v- 

rian. The inaiii v.ilvn ia iiiovi'd liy tho ordinary f;.'ili-iiiiitiou. 
TIju separatiijii of the blocks is adjustable by meansi of spur 
gear on the outside of the chest, and the mechauisai ia 
equally well adaptad for fore and back gear. Thia azpaoiioa 
gaarhaayiildadgDadNrahain FiaDce, where cfalaHjjr it laa 
be«a aai^ojrad. It ia ahvioaaljr attandad in ita adioB whh 
greater fnetioa thaa BddmaiX aa tba ejrltBdrfeal valva la 
comparatively frictionlesa. 

Naysmilh, Qaakell, and Co. modified Meyer'n valve by 
aanvatting the blodca into appendages to the principal valve, 
mi. a a pa »jwal ag » flat plate over all. Fig. 51, which re- 
eahad tha MHaii af 
the eroaa-head. The 
double aerew ia col- 
lared t ' n flnii;,' on 
the bock of the valve, 
which thereby carries 
the Useka with It, 



r:j il."^^ Onr4inaljilk. 



r 



■■4 iaTiitodlyagavartel Intoa «arMi»fwrf aalM. Tba 
aeraw la ftnlahad with a aqnara ^Indle, which slidca in tha 
nave of a mitre wheal, and by this means the blocks ma/ 

be adjusted from tho out.tide, for the degree of expansi'in 
required. Tha principle of the action of this gearing ia 
with that of Meyer*a valve, and it 
dw aeoeaiBiaal advantaga of ladaaing tha tmigtt 
on tba aefowa. 

3. L'r,r-/-'t Vih,-f. — Thi! i^roup comprises lho«c valves 
wliicli ;irc a ijusti ii fruii witlicnil the valv«-che.*it ; the valves 
thi iii«i are iiivarial'lr, and the ailju.<imeiit ia efTerted by 
varying tha tnval of valva, bj the intetpoaitioo of alotted 
~ , Id ft pbH «f thii Inwl, Fig. tl%t < 



in which a pair of blocks, adjnalabta on rij^ht and left hand 




the steam to paaa directly into the valve paaaag^ tbta^gh 
an aperture in tha auperpoaed plate i in plan of ft wiaUa 
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port tu iu the preriooB plan. Fig. 51, h« eniploytil v»riable 
tr.vv.I T r tKo upper valve, aud moved it by .1 D.iiin i 
eeceotric, whidi actuiiMJ 11 le^cnLal •IoU«d l«Ter, in vUirh 
th« cud of Ik radius link from the WpMwiwi |hto «W 
■^utaU* bt tiM te^oirad tnnL 

(labonte expaiuion viklvt, Fig. 53, patented in 1813, whidi 
iror]t«4, Uk« th« principal v»lve, directly on dM bm of the 
evli>ii!-'r. -iiul .il-.:> ^t'.'ain-ii^ an tlu hide af the. ntvt. 

AVb«u Ui'i. in tme, the 

valve was stationary.and o-""'- '- 

tfaflialim iamlf*)! m 




ceplwlMaaotnally work- 
ing. Tbs nppor valve, 

it win I'l' >i\ti, :nij'|iri -^si ■! llii' sfra:!! ri_-;iinst iho cx'.rcn.o 
««igCS of the ; t.li£ i>piualed iiftf couceutric, Uld tJie 

tower valve is driven bjr a gab-motion, while the Qpp«r one 
ia votliad bj Um back aeeantrie, which moTai » akittad lam, 
from Mm BMtian ia aoata^ ta tha «alva ndias 
link, aJju»tAlile in the slot for the required travel. Tlio 
experience of this valve on the North British Itailway, 
where it iiai licrii (Xti';ib:n'ly I'lriplriyt'!, luM ahown that 
tha knrez valve, ulnars in liiuiiun, j^tiiivi-ftlly wore itself out 
al tOBlail with tba apper, to the extent of inch in the 
aaona «f » year or two^ which waa ewtainl/ aaficMiit to 
nentnliM any atUoi|>t at caMenlail aipamioB waiUpg. 
Iu but oD« lucouiutive on tiiat rtilvray, a 6-{wt wheel 
expr«!<s, under the care of a firet-ela^s dmar^ tha *al*M 
reiii.iiiirMl iii to'.n-iiluy izooil orii r I'-r three yatliial tlwaod 
of which jieriod they had puirttrd about ^ 




M. Ooienb.ich, of the Stranbui^ and Basl!) 'Rail^vay. 
patented, ia IBiS, an ezpauaioa-valva working in a separate 



ctMat OT«r tia ordinary one, tha atwrntibig pamd (hraigfi 

:i;M rturi-< in tin- ii.d rpos^d diaphragm. The upper v»l»o 
was driven by tiie Liitck eccentric, actuating a slatted lever 
in the usual niatiner, from which an adjustable radios link 
cunayad tha motiaii to tha vrnlra. Hum ia, of eoHnc^ tha 
ahJartloB af tha IntartMiaf ncatty af ft* lawir diaiti 
tbia gearing haa taaa iMud, Imniwhv ta wark naU awl 
ceonomically. 

We have been at S'lim^ piii.i *'< illustrate the leadin;; 
varieties of expansion valv»-gear, because, thoogb in Knglaiid 
generally it is agrood that tn hMaanttfea nolhnig an m- 
paaa tha Unk-moiion Ibr fHinioa mm^iiiiej and aOneHy, 
it ianot aatben^gUyeatahlidied ahaad} and fat Awitai 
pairtiMdarij, it ia rather held in abvyanec beforo the more 
popular syatem of the separate valve for expan«ion. As 

Mitliitii; lets (K'nirri'J willnu n'.ir msn i-Xj.irricMi'f In damagja 
():>■ Hiijin iiiacy of the liuk-itiotion for locomotive engines, it 
is iL-fini'd unnecessary to bestow farther attention upon other 
modal of ai^aiiain wotUnf. All 0 frtoi objactiona baiad 
npmi prematura ezhanitim, prmatva aowprtaiioB, praon- 
turo adniiseioD, illegitimate resiitsnaeib aad aa an, are good 
for nothing, except as tliey are founded oa direct observation 
by the aid of the indieat >r; ar. l this dais of '. 'i ii ii i' we 
shall bring forward in good time. A link-«ubsti(ut« \» about 
as reasonable a tiling as a substitute for the crank. The 
ohumiDMS aod compiitaigr of mnjr of the aofaaaiaa hatain 
datailad, the lidnlitj to tmaqval aad axeanlva waar, and 
the friction of surfaces incidental to all, indicate rather the 
cflbrts of men to meet speculative objections, than a clear 
pcri'cjition .(f tlj.' (ilstacles to be r.Mi.nvcJ. Ono brjlliant 
exception to iliia general inferonee, cxiist« in iiie ««« of 
the early improvements in the valves of the Liverpool aad 
Mancheatar fg^ginaa: a Miaitona anupfla of indwtifo cat- 
soning ; and b ia farther tauatbUa tM flM ottlx two 
genuine ' impravcrncnt?,* the fundamental rlemelits of 
modem valve-gear - (in- l:if» of the valve, and the link- 
iriMUnti — arn tli" nt^'y i'ju'3 which Mnnat BaMfa- 
lixed under tiie prolcctwu ui patents. 

The substantial progress of the locomotive, with reference 
to tito three aleniaBis — the boiler, the engine, and tha 
carriage, luu, fa tha foregoing chapters, been passed indtr 

r'tnifw. .*^-iirn* nilii'jr Miattr-rs havo ijot been partiflVI" 

larly reeogniied, will iie noticed on future oecasioufl. 



SECnON II.-PHYSIOLOGY OF THE LOCOMOTIVE. 



TuK Icicuniftlire may W r*g»jd«i in two aspects — with refer- 
ence to its functions, and to its constractton ; otherwise, by a 
alight liceaaa^itaphjawiogy, and itaanatenqf. Thaaeeond 
of tliaaa> ttat^ It ehdwa jwaadwaa in tha atdaralnatiaa, 
winbatfHitadlailtaiiBiMtrafapnvameaee. Thdwcan 
ha w) piaetteal objection to tiiia anai^eBinit, <br tikeaa who 
art- lil>(ly to consult this work are supposed to bo perfectly 
awa]« 0! ilie general design and disposition of the locon<o- 
tive. Again, the locomotive is composed of dir«e distinct 
alemcnl»— tha boikw, tba engine, and tha arriiga. naaa 
ihall b« coMidrted io tnoeeaaino, and fiiat d tha cngina 



SUBfiEOtlON L 

PHYSlOtOOY 07 THE ENOIMB. 

Tir the engine, ttiere are two distinct and independent eerisa 
of periodical movements. There is, first, the reciprocation 
I'l lli.T [littoii umit-r ilii: tiUrninl.ii pn'^-iiir" -ir ^l^■a^i 11:1 its 
two surliR'ta, in cuiijuiicuuu uidi (lie siiiimlvain-iiU-i ri'i'oln- 
tion of the crank and its axle ; secondly, the revolution of 
tha eacaatnci, which aia rigid en the eraok aiie^ and tlw 
im; numoMUlaeoiBTOBicatad t|/ thaat tollw aliiia 
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raWc. Tlic former motion, tiiat of llie piston in conjime* 
taeu wilh tlit- crank, ia m umplt aod ^ruNUb Uut what m 
haw mo*il y to tny of it will fiNmd in tlia aouM of aw 
il'-. 11 .if li.i- \:ili\--iii.itl..i:. Tlie funrliuDs of t)i« Take 
ar-j, iu truUi, iLu t.-.-ieiii;s uf the vrlioln ; an on tlit> valve is 
doTolved the important basinras of di n .': i:;.:;u *.■■' ^t.:.irii, 
or primv niurcr, diractiog it on the piston, and providing an 
Mcajw for it alWr it drirea the piston home. Acconiiug a* 
tbit ia tSmatif or aUifnlf dmw, the at^pna niut ba ailher 
•Ceiant or waating m tiie diMltai^ of ita iaty. In tha 
course of the following chapters, tborrforo. the vftl\«-ni.i;! i:i 
will receive the consideration duo to it* paraiiiouul iiiijiuit- 
•BCO. Fir?t. th« niovemenU of valvea will be considered 
faomatricaily, witk Mfartnca t« tba tinwiqg of tba admi»- 
iioM, aaj^raalaa, aad nbiaa of atoan ta and bmi tJie 
eylioder. Second, tbt aAeta of ditaa mwaoiinta an tha 
motiona of the alewn wfll ba eorsMered with r««p«ei to the 
comparative facJl'.t'i i Mfii -Ii tL. y .in' ril for iho iii^rm and 
c^ms of Um> steam, aeccrtaiiifd fruiu diraa Mpcrinwau, 
under varimu diemiMtaMHi an Iba Mtion of ataas ia tha 
ojriindaf. 

Finit w to dw ■■ton of nb^iBvtin : -• 



Tbb motion of the valve, when driven directly by an ecccn- 
trioi aa is tha mdinsijr gatvmatiani, ia wmply notiliiMol 
and ladp n o a attng, and to ptadaaljr on n amallar aaal* what 

the nioliun of tlio pi«toii is on a larger. This i« uiauifoit 
in considering that the eccentric ia but a crank of a very 
Eiiiiill raijius, which haa, like the greater craijl-.. i;.^ u'v.i ,:.rAe 
of revolution, its onu tlirow, and itii own dead points, which 
lerininaia tbe reciprocations of the nlfo in tlM ana aan^ 
■ad tbooa of tba piiton in tba other. 
Tbe motion of tlio Ttilva miat, of tmm, be eomidond 

i:i itn rt'Ia-inL Id llia! <jf llj.^ |i'.-t.iii. Tli>' i-iUiImii 'it Un-i* 
iii^^L^uua la iuuiAti-X ujfwu ilic uiiuuriii cirfalar niuUuiui of 
the crank and eccentric. These hc'tng ri;;iJty fixed on one 
•lle^ have the Bme angular motion, and Meompliab their 
molntioBB in the aamo time. Thai 




nod thoM of tbo pialaik and valfa daiiiad liam Cbautt may 
bo aatabfiahed by MlowiBg tliam thmigti a mrnplet* lovo- 
Intion. 

The motion of the piston is ruled iiy two cireuiiiStancM : 
the varying anj;iilarity of the crank, and tho varying; an<;U' 
laritjr of tha oonoacting-rod, but mainly tbo focmer. With 
aa indolnilaly hag oamMeH^gmad, of wbMi.tba nngdarity 
ia ineOil>idarri)la, the relation of the motion of the crank 
and tbe piston ii r«pre««nicd by the onuesod dJagiaui, Fi^ 

S.'j, ill wlilrh i( .• '■i '.1.1' ^tn-kc ni llie 

piston, and a be the half revolution 
of the crank-pin, eimultaneously de- 
aeribed. Let tha path of the cnal^ 
pin be dtvided Into equal parte at 

the poinL^t 1, 2,3,1, and draw ver- 
ticals from the points of divii<ion 
to the line nc, thi i, as dir aiigijUr - " 

speed of th« erank is unifunn, and M«i»«^c-t'^''-<«, 
thtdteiriona of tbe oifntar pith, a^c^ an aqnal, tim liaa 



Me wSl be divided hf tbe pofpendiculan already drawn, 
into Bifininta w p waatttiag apnoca daecrihcd by the piston 
in eqial timet; and ihenfeiwaboi, tha varying averag-A welo- 
ntjof the piston in the same spaces. Whetfce it is obviuon, 
that the speedi of the pi»ton, diirinir one stroke, bejjfiiif* 
I III I J .it iiutliiu^ r.t iliti L'xiii'iiii'iir lead poinUi>(i,0, that it accele- 
rate* towards I/, the position, at half .ilroke, when it ^(^»che9 m 
iiiaxiinum, and that, beyond this point, it is r«tartle<l till it 
piaa tbe end of ita atmka. The two halvea «f tbo mtrok* 
an deaeribed in eqnal ttnee; and in tbeee balvei, tbe warla- 
tln; f.f thf vrl.i. It V (if t!i,' piston are exact counterpart j*. 

Xlm uL/l.i^iiily u5 diu Etmuecting rod destroys the ttyni' 
nictry here observed. In a stroke of the piMon there ar« 
three oardinai potnta: the oa«Dni«ooenMOt, tbe middiw, and 
the tenninntioD ef tha aboltab AoBenibig to the p w e o tiing 
dtignm, tbaia tbrta pobita an anivad nt bgr tbo fimUm, 
aimnhaoeonily with tlw horiaonlal and Teitieal poiitioiia of 
the crank. Dut the aiiijularity of the connecting roJ, nt 
lialf stroke of the piston, virtually .ilmrtcus its lenj^th, ttiiil 
the crank-pin is by as much short of iti midway po^itioH. 
Aa tba cnuk ia prnnaied to move with n unifonn aii)galar 
vileeili', it Mlowatbat tlMpialou daaeribea tbo twobalwnn 
of ittatnko with different average velocities, and in uue^otll 
timet. Tb Stephenson's enjjioe, for example, with a stroke 
tif '2'2 IiiL'Li-j, an i a ci'iiin'riiiij njil ' ' ir. t I- n/. "r umcn 
the length of the crank, we Cn<l from the aiiucxcd diagram, 
50, of tba mlatira paeillana of tba piilcn and tli« 




IHicnBi U Ibl cffetf tt 'he C^nBeslill; Bid. 

crank, that at Italf stroke of the piston, tiie conneettag 
rod afrfidlaabeetof tlie vertical centre line of theomnk hy 
the amoant or, fnllv 1 ^nch. Dividing tbe etralce of tbo 
piston into three | aru, tbe coaneetlnig-rDd being in 
|1 0 I. I.itivo positions, erf, t/. the di-itances of tlie points d, 
/, ir uii ihe centre line are ot, ot, respectively -tj and SJ 
inches. The corresponding angular po&itions of the crank 
are, for tba half etrake of piateo, 6* with the verttral, and 
for tie oBMkhrdi of (ho etwke, rape«tlv»ly S6* and IS'. 
Thoaon of 2C* and IJ", or 41*, ie tbe anpular motion of 
the crank during; the middle third of the stroke, and the 
c.u'.ivlrim'iit« uiirc.^Ty and W,are the anLnia-- in-iiimis 
for tli?< extreme thirds. ITie average speeds ot tlie piston, 
therefore, in doaeribiog tbe successive thirds of its stroke 
in the direotiaa ab, «n invecaclj aa fii, 41, TS, or direotly 
aa 9, 9, 8, nearly ; and tbo two balvee of tbo whole atnhe 
are described with avoi-ajje s|i«e<U invei-.'dy as St to 9G, or 
directly as S to 7. The shorter the connecting rwl, the 
LTvii'Li- H t 'lc II -I ;iilarity so introduced into the motion 
of the piston. Tbe general efiiBCt, therefora, of the eoaneet- 
Iqg nd on tba uotiaii of tho jialon, ia tbnt tba piitoB lati' 
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«pato9 positi'iu <!m> siiiiplv to llic crank llirou^huut the 
whole of tlip in.iit stroke, whicli is dcirriW tutenrJt the 
cnnki «ui tluit throughoattho Wk xlroke, the piston is in 
tbsoune dcgrae behind the jiosition dae to the crank alone. 

Tha rimtiliiml Botion <f tlw valra, UIm lint «f the p» 
ton, is acMkntod Mid ntarded dnrii^ tha tmni, and b 
affoctcil likewise by the iui<;ul.irity of the eccfntric-nxi. 
The reUtive length uf 1\k mJ is, hoivevcr, so considpralle 
M to render the pcrturhationa, in the case nf iliri-ct action, 
tMlfly iupflKCMblo. TIm motion of the v»l\e may thereforo 
ba dadvoad Groin tbat of tba acMntrii: by the method of pcr- 
pandfadim ainad/ ^plkd to the erank and piatoa BMtioa. 

An that \» Impantivelj required of • dUla vaha in 
gorrmiij; llu' (list ribut ion ii, tliat i! Ir' n! Ic:v-t n? sufficient 
extent to cloae both of the steam (lorts »t lln^ mnv ,f chnug- 
iRg tha admiaMoa of the ttenni, in order tlint thv «teaiii 
may Ml antar at both andaof tlie e]rlin<icr m nno tini«; 
and that it rtkaae thaataaai from oaa ood of itie ry Under, 
at l«a*t lu soon ai it ia adaittad ta tha other and. The 
Bonoal valrc. Fig. t!J, mali thaia awditia n at in tha po«i- 

1%.IT. 




lion in whidi it ia ihown, ila innar and onter edge* ooineide 
niththoMofthaateam porta ^and tha wnallaat ■atioa 
af tlia valfa aithar iray, opena aoa af tha ataam paita to tha 
ataui,.and tlie other to the exhaust port b. At this jiino- 
ture, tlie valve Is at linlf stroke ar«l tljorffurp at il.i crcittal 
tpd'']. '.vh.lo the i-< ill llif fi'.'.l uf Its FtMko; :iiul as, 

to iiiijvo llic piston, lu tho (iirectii n of tl.o arrow, for exam- 
ple, (he valve niust move in t!ic fxmv dlnx'tion, tho eccen- 
tric moat bo Ml oB tha aila at ri|^t anglca la tha enak, 
and p r aarfin g it, in tha order of die dronlar motioB, by a* 
nMih as one-fourth of a revolution. 

From this .■»ci>uriiii of tlio uornial valve, it ap[>t'arc that 
onf tnd i f tfif- •yliiidi r i.* opi'ii to ^t^■n[Il from the boiler 
throughout tho vthole of the stroke, while the other end i» 
open to the cxhauft ; and that the snppmaion, leleaae, and 
adaiaiioD of ataam take place ainaltaaaaoaljr.al tha and al 
aaeb atnike ef the piiton. 

The normal valve has 1-1 I l i t uml iii;';ili'ii(,il di^advnn- 
t.-cc«. Tlic process of lilJJU^tl.JIi uciiupies Some tiiHu. .ilid 
Wi lli' liirri' i» vtpani tu be expvlled, a prejudicial back pre»- 
Biire <'x:st.i. The iin|ier{ectiuii9 of Uie TalT»-gear in prao- 
tice, vrhi'U valves of this kind wen io Hat, litai|Qmtljr da> 

l^ad tha openiiig of tlia porta iitr aiaa apaaa bi{yond the 
eoanaiieeiBMit of the etnke ; tho evil of inpwfeet ezfaaus- 

tion w.-i-- ill' ri liy .ii-_'rav;it<'il. Ai'/.ir., llie fr'-'c ri.ltni,--;;in uf 
the stciiu uulil ill' ruro|i;> tK.u lA ili.' -trukt: was iiurtful to 
till- inuiliiurry, as it ro-opcratcd with tlic nioinentutn of 
tha pialoo and its connections in accumulating nnbahwced 
on the walking faita; lha 



aim c1o«;<^ the exhanst paasigoa during tho csmpc : It hi 
Well a? I rt.ii if'l that a fvlludcr willi <tvi'n unusually largo 
porta, will develop nioro work al liij;h speed from steam cut 
olT at some distance from the end of the stroke, than from 
■team admitted thimqihaut tiio whole <tf tlie atroka. Thaaa 
arilli am laaaofad ar palliatad hj antiB; Ilia ahamia af 
distribotioo to take plaea the aanqiMm «C ' 
stroke : and this is efTeeted by shifting Ibrvaid the ( 
trie round the axlo. The motion of the valve i* inlvniioeil 
to the same extent ; the arrival of the pi»ton at the end of 
its stroke ia anticipated by the cliaqgaaaf distribution; and 
tha atsMD haa thareigr jj^ed aoma thna to rMnaaga itself 
fcrtbaDCKtatrafcaw Thaadaaat^^aaabtaiBadbabftani^ 
on eonaidering that tha ptaton Unjstra m ila metian, both m 
appraaebin); and in needing fiom tlie end of the eyiinder ; 
ami tliat if the space during which the business of releasing 
and folly aiiniitting the steam is disehar^el. be e<jua1ly 
divided on bi'th aidaaof tha dead point, the nml time is 
afforded Cw tfaesa apawtioM with the least motion of tha 
piatan, and a mbiiBTni falardiiigadbal. 

Whiles b]r theao amuigementa, a more efficient admiaaioD 
and exbanst are provided, nothing can be done with the 
same valve to en jiIi/V t lie .n lf-' i.nti.iin d i x j''4ri-ive foroe of 
the steam in the cylinder in propelling the piston. This 
inplica the eonfinemcut of the steam within tlie cylinder 
daring » partkm of tha stroke; whaiaaa^ wa Had that the 
snpp n aa l an and the t a l fia tiha pbce ajMaUaneaariy. "Ec- 
pansion* ia, however, attaisad by the simple expedient of 
adding to the length of the vaTve ; its two onter e<];;cs arc, 

by the addition. S' t >'i i -Ii tlie (iiriber .'ipart lliun the 

extreme edges of the steam jxirls, and by as mu.-h does the 
.4U|ipression, and conac<|acntly the commencement of expaO'* 
aioa, anUdpata tlia ashaust during tha travel of the Taltra. 
While the Talva dsaaribea thk finctkn of iU atroka^ the 
piston \* moving under the preMandenkfad hgrthaaipMi- 
(lion of the steam already in the cylinder. 

iJi /inilicmt. — Tho wnlth 'if tin "jn nlw^ nf tli ' steam ports 
for tlie admission or for the release of steam, a' ilie b'.'inning 
of the stroke, iskiiowD ss find; on the steam -iil ■. it i-> deno- 
minated avMidf Itad, or lead for the adniiaieu; «o the as* 
haaat aide, it ia AisHb bad; or had fcr tha exhaoat. 

M'hcn the valve is placed at half stroke over the [lorl?, 
the nniouiil by wliirli it ovariapa each steam pjrt eitlier 
internally or exlcmally, is known a.i /';//. On the steam 
fide, it is named ouUide lap ; on the cxhaujit side, iutiiU 
tap. 

When the terms lap and isad are oatplojad ahm^ thejr 
an nndtnlood to deal^ate tlia onuida lap and lead. 

The aitrnsh-r' i.f thi' . ci-entrii' and the vali'c, a term 
used, in the tirsl iii^iuin'i, to denote the an^'le wliii'li die 
eccentric forms witli r.H j'-i-iti n at its half stroke. the 
piston is ■( the comuicucemcnt of its stroke, and is then 
named myafar adnHW* ; in the sceond caae, it denotes the 
amount by which the valva haa travdiad bsryand ila aiddla 
position, when the piston ia at the end of tha stroke, and ia 
known as linear adraua. The linear a'tvain'o is. then, 
equal to the sum uf.llie outside lap aiol lead, auil to the sum 
uf the insidv lap and leatl. 

When the valve is so formed that, at half stroke, tha 
Ihaaa af tha vain do net elaaa thaalaam potla tateraaHj, fba 
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t Igr wbioii <Mk Mt «m diMk of the imir «lg* of 
tin fotti b kBom M jiHMf 



n». a. 




11m TilrMatniMi^ to tiha itcMiMnji^ anaU/ Uum fn 
noribn^ wi doHiBiiiiatod iMrtk Tkt «ti«M parts kailiitg 
to th* ladt of the (^linder, are tlw Un m ptrtit th* middle 
port b the tihaittt port. The putUiona which irpknie the 

jv,i!.s ari> named iar* ar /■n'l/yri'. Ttio Hat fiirfiu'i; in wliicli 
the ports terminate, and on which tli« valv« work* is the 
tidt»/ae». The two working torfaces of the Tslve, we mnat 
iMaguk a»th9/0mrftiftah$. Bafening to Um an- 
landfipNt 

k tte TklvC'faco. A c. D r, (he f«cn oif tbo t*1to. 

4^ A ai« the ■tcwn-iiarta. b, v, tlae uuuiile lap. 
•kAtbekan. akUiaajdiaailakTiqb 
«,tto«itoartp«k. 

In tliis fignre, inside lap is not specific ; were the faces 
of the Talva axtanded inwardly to an axtant, aaj, indieatad 
hf tito 4B>Jina» the eitensions woqld eoaititoto Mda lapa. 
Wan On faaaa aboitciad an tka taaMa, aa aham ik dark 
ahodinp, til* diffincnca wovld be loaHle daaranea. 

Ai« llifi |ii I'uliarilied of valv<' n.ntii n .iri-. fruni its ualiirc. 
to be obs«rvcdonly from a ccrisiJr.r.itii-D uf its »arving poei- 
tHHi during one doublv litnj'xr, or one revolution of the crank, 
it ia of oomaa Bicaaiaiy ailhar to ceoatraot iratkiof nodela 
«f the vdTOfiir caataafbtodiflr to iqfHMit hf dtafiwnB 
thofwgwwhapoaltkiiaaf tha'iiifiaBaiiiipMihig to the 
pragrenof tlia platoaor Uiecnak. Vhe bttar ia, for our 
]itirj><L«i> the only available method, lod il ia iaow Itopect^ 
»u|M>rior to that of the model.* 

The method of the diagram, most cooimoiily vmplojed, 
dota not aaem to be ganarallj known. It k, ibmlm, ex- 
pidiaBttliMtiiaBathadilMaM boasplalnad; and ttaball 
be iUwtmtcd Igr aa example derived from the old loeomo- 
tiro Talve-motioD. Fig. I . Diagram-Plate I. eompriica 3 
scT^i < of twi'Ivo skclcton-vitws of tl.c ju^tnn, crank, iuid 
valvi', moving ID coujuuctioui tho motion uf the valvi^ 
derived from the aiiailuUia thnagh an intermediate shaft, 
and the meefaaniBB ii anffaaad to be in fare gear. The 
■raowa attached to the Agmaiadieato tha dboodooa of the 
mtions. Tbr diniiMiHiotiH oiti 



Oia VaLTC— Tmrvl 3 imfaoh 

Oatiklehip A — 

luidelap „., 0 — 

OnlMilr frail ,„. 0 — 

liwiilc Ind ^ — 

CjUndcr 12 inch diameter, lu 111. »tioke. 

W»a»>sn»H iadiwide. 



* The principle of thu polTtrclmirtaT, conMBtlne of a retoiraigdiK 
''loing a raeecaMon vf aitiiudn "iaio rnt equiTaleni for bkiImb,' 
I be aaiUIr anipliycd for detdoiiiag thaawiianarf the wlw 



The path at tha afiak ia ditMtd iato tanl** jartaldTM 

degrees each, and at eadi point of diTiaioo, the attitude of 
the mechanism is represented. Nos. 1 to 6, illutlrate the 
niotj.n iliiiaii: tlif front stroke of the piston or li:ilf n n'vo- 
lotion of the crauk ; Nos. 7 to 12 show the motion during 
the back stroke. The laige dot-circle, (a, in No. 1 posi- 
tion) npioaaBto the path of the fliaak ; the aaall aiida i thai 
oftbeeceantriat vialhoaaMmorihoule, aiathot 
pin, and e the eantio of the aeeentric ; d the inb 
rhaft, p thp piston, « the Ttlve, at the centre of the 
bra I, n 'lie r< nlrfl of tbo > alvr-link. Tho connecting rod 
and other parts are readily distingnishable. Id No. 1 posi- 
tion, the crank ia at the dead point, nest the ey Under, and 
the pialan ia at tha top of the eylindar. The ladiaa of the 
eeeantriB, b not jnst sqnara with tha «aah; it lathar 
itirlini~s towards it, sufficiently to shift the valve '"'^ 
fiuiii ill niiildle potition, and to have it therefore in ri^tlt- 
i\f^3 for tbti ailniis^ion of steam with the Fmallest additional 
movement of the cnak. The front steam-port ia thue 
opened for the ndaiiiakiB af ateam throughout the catica 
motion af the piiloa u p ma ata d bj tha fint six paaitiaaB; 
and M not deaed 191 within \ weh fran the end of thofiont 

ftrok'"'. rrprr;-entcd in tlio 7th position. This sevtntli 
p'l^itiou form? the coininon'-fnifnt of the back .-tMkc-. and 
till- Kuc'irK'i.iiini: |xwiti<iiis r'uiliririitly in<Ii..iiti' tin' forfi-[nirii|- 
ing motions for the return of the piston, at equal intervals 
of 30 degrees of a reTolotioo. 

To combine thaio twdf* potitiona in one diagram is 
the proUem before aa. Plate I. Draw a a. Fig. 2, equal 

to tl..' lM:_-tli .if tlr !.triikr iif j.i<ti.n, mil! lii.««ct it at C. 
From c as a ovntre wilb r A as a raJiu.t. di!5<:ribe a circle 
A B, to represent the path of tho crank-pin ; and from c ;u« 
a centre, with the radius of the eccentric, dcacribe a anutller 
circle, as the path of the centre of tha aaeortric. Draw • 
perpendienlar line, s t, throngh the centra Ct ani eanatniat 
a eqoare r 0 R I apon the greater circle. Gonaider VI at 
tin- lf V< l of tto- valvo-facr ; sot off, cijually »n U>{h .«idi>« of 
till' ci-utre lino, A n, the wi<llli of tin- jwrt'i and ban, as 
shown on the iii;urf ; aj:d parallel to A B, draw lines 
a,b,«,d, «,/ across the figure from tho edgee of the ports, 
so determined. Aa the motion of tha taha b the counter- 
pert of the kngiladlnal movement of thaaaeiBlibb lU thab 
is neeesiary In detemhrin;; the positiea of Iho valvo at any 

part of the stroke, or an.'lr ibr- crank — the an;ul.irit_v of 
the connecting and eccentric rods being iK'^'Uctid,— it to 
find the position of the ecntreof the eccentric in its circular 
path. Let the veitical moTamant of the eccentric be 
rednoad hi tha dinctioB of the Uaa »v, and the boritontU 
moranaat httha^naOn artfettWA >} than it bobnooa 
that when (be eentra of the oMMotrlo Kea in the fine vr, 
either alxivc or l.cl.uv llu- centre C. the icccntric is midway 
in its horizontal inuvi'inint, and the valve mast be isimuU 
taneooaly in its middle position. The vertical line P f is, 
then, a rtrj amvnimt dttoni line fiom which tho motion 
ofthooeeaitiianjba BMrand, aitharvij.toimflatha 
right or the kA. Similaily, the middb paiiliMiff Aavalva 
M also convenient aa a datnm Ibr the valve'a motion en the 

face of the cylinder; it ia defined by two dot-l:ni's ilniwn 

acfoas the figure parallel to A >■ Thaaa lines represent the 
laqsthoffhaTilftamilaftaa, aad thmAi* lb 
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it inch clear of tb« outer lilM* a, «ad / tC Hht Hnm. jfWte, 
Wbil*. thm, tbt horiMBtal or tiflcctliM mifviiMBt «f tli« 

rri-Milrir N ili'ilnc.l iis l.itf'ruJ riMii..:! f.iinlt. I to lh« line 
A B. Uj« imj'-.uu ..iC ilw Talve aUuj^ lljti »4iU'c-.l'»ee is i*pre- 
fiented on the diagram \ty \i» transvene motion p«nillel to 
tlte line of tlio asiumcd valTe-£iee n I. Tit* dia^m tbus 
rtproMtrt* U>* dinctioD oftb* nwiion of itic i-ccftitriv &•< nt 
risbt h^Im viUi tbat tb« nwlioB af tlw wit*. Tbit, 
tlMMigb n«t • matter of &et, md tburfbi* lik^ lo Mfoic^ 
dw8 not aflVct t1i>: il l' .t'i v . f the meftdd llf iUutnliaD, H 
it a iiiero ma44>;r ul arrangemrnt. 

Lrt ua now itiisuip« tli« enuik to )>« in the position ca 
at Um OMRmamcaMnt of » nvelniMO, UAag tb« fint pom- 
timRpnwntedwidwfipH*!. TlwataM«S|f»«f Uwmln 
to tlin liB* uA VsM witli Uu «dga • of tha Wmm port Ibr 
dw adniMioi), ind the nArt k, (h«rt{n«, at flie aana tlma, 
removeJ •^i', inch (tin- I'.nni il^ ;iiidJle jKwition. a* shiwn 
Lb Fig. S. Tliia impi^iu tii^ th« centre of tlin eccentric is 
MOIOTmI also 1^ inch from the djitum line o F, and lies at 
thapaui, 1, ia tbaMnalhrairda. Tbo ladiaa, o 1, ii then 
tha paailim of lha ladiaa af tka aataairia at tha ataunoMa- 
mnt of tlu atioke of tha \»*ton, and ia tha taoi* a* that of 
tha aeenifrie in No. 1 of Fig. 1. Diridii the Iar<:;e and 
Miiikil cir l' < :u'li iiti. t vclve e<|ual parta, numbered in sue- 
ee««inii from tl)« |>uint 1, in tlw dinciiMi of tho rircuhir 
motion ; and dr»w lin^ t* tita antn fniR Uia point* of 
diviaiaD ; tha IJnaa ao dmini npiwHil tlw aiataaiitw aimai- 
tncaaapadtlanaorthaennltaad tha aaecalria; Blia» tha 
tniMTCfaa linaa drawn through tha points of division in iho 
larg# eirde, parallel to n n, n-presfnt the c«rn'»]>ondiii5 prr^- 
ixm-i'w [MnitH.u« of till' crank during the front and back 
strukr*, vriiilo tiio perpendiouian drawn to the datum line 
1 0 bim tb« pobbi of diviaiaa in tbe smaller «iKl^ BMtt- 
aaca ifaa ainidtanaoaa lalani awftiMfDU of tha 

Mm tha latenl moaamat af tha 
dirtetl}- the inotios of tha aahai a<i aft on the trani^erae 
Ime K the distance i equal to perpendicular from 
the point 2, in iIji' -cmmIIit ■ iri l" ; tl.. n 'J' i'i ilio position of 
tha ed{^ of llie valve, ultrii ilic i.'ta4>k-pm is at 2. S^U olf 
io tlw aaaa wajr, the distances k :f, / M and m O", for 
tha auacaadiag poaitiona af tha Talra jdatiaa la tiia amuh 
dwiug {b lifai half-raTalatian ; aat aff tlao tha peaitian f 
for the commencement of the second balf-nrolutiuu, and 
the suecM-ding positions, 8', 9', lO', 11', 12.' It is obscrv- 
ablt- iK.it llii.M- ; ■i-'ii i'lir.'^ r.nvzc in :in illiptv- ■■nrvi?. Uy 
drawmg tiie curviii Miiipku>, m sliown in a livavy line on 
the diagram, «e perceive nut onlv the 12 poeiiiuns of the 
Tilva atraadjr datanniDad, bat alaa aaaiy 
tiaa. Thia valoaUa eorva^ vhidi in tha ea«a hafinatn^ if s 
(mc ellipse, rcpresmls what conbl not possibly bo obtained 
by roodvla or other contrivauees — it exhibits in one view, 
the whole routine of tbo valve-moliDn. But this is not all. 
Tha other edgea <rf the tM»a of tha valva describ* tlie same 
liifB «f attrra as that«a ham wmr ttacad tor one ed^. The 
paftiona af tha thiaa athat iiraa ao^iaiiihad dtinng the first, 
alraka are dmrn hi fidnt linea an tha diagram, and thoa 
ihcRiOtioM fif til" vjIvl ivith f f. n to ail [•< hitlctioDS, 
is aiapped out in a succinct and intelligible inanorr. 
AaaKpmDdiigpm VMgrnav haaaoaUMMd fcr»ailTi 



of mora modan piapaitions. A valre, oommool j employtA 
bv Stcpbenaan, UAj ha aalaotad; and it will, fur pi^ 
.<ent purposea, ha aaasond to ha drttaa by » single eeoeiitrie. 

instMul of the link-niotion, tlic »:itii- \n\A and travel. 

As, in direct-action motioiu, tha vstlni in jiUct'4 virtiiiiSiy 
against a vertical valve-face; we must conceive the cylinder 
tunwd on ita aui, into a poaition at i^t aqgka to its 
litand poaiUan, that tha aactiaul ffaan af tha Talva and 
steatn-patiagaa majha Hpiaa n Hid In cnnnrdinn with tlM 
paths of tha aMh and tha aaaanlrie. Ti jn iii ip«ldiBaB> 
aiana of StcpheDaoo** raia* ata 

TniTpl ...4} ineheg. 

lhl(»iJ>' Lap,... 1 „ 

InRitlf: ].n| , „ ....0 

Oulhiilp ...„,•„..•........• A ^ 

InMs Lnil «n.a.>4>.>..>..>>.awnln » 

Liunr Ailviuice,„ ».„..,...iyV 

Aagnlar Advum, Jgf 

CyKoder, IS inches l>v S2 iaehi-i stroke. 
SleAm Ptirti, 11 tiicli wij^. 

Fi<r- 1. Diagram-Plate S, contains four |w9iliu<i9 of tlie 
modem valve, oorre«pondiug to the four quarters of a revolu- 
tion of tha aaak'-pin. In potition No. 1, tbo piatoa i» at 
tha ftaat tad af ila itiahai and tha aoMttirtob toattnd of 
bdng at right ar «nm DMily iat with the annlEt 
at it existed hi tha turn of the old ralve, it vary aoaaidaik 
ably ii: .1 :v:>ii of that po»iti'i;i . it.: hmriT advance is the 
lap plu« tlw ii^iui, or \-ft inch itmu tlie lemcal centre lino. 
In jMisition No. 4, accordingly, in which the crank Itos de- 
aeribad only a qaarter of a landatira, tlia aoaantrio haa oat 
onlf camplalad ita thwar, bat b hj aa naah aa tha angokr 
a<lvalH?«, on ita mjr ao tlw lalum thmw. The valve, tbata^ 
fore, has attained tlie end of its path, or ha« given ' full port* 

tfi lli:' '.r'r.iii, vnrin' tin'._' l/'f-.r.:. f vrii tii'- Iir>t iiilf I't' llu- 
throw of lh9 crank has been completed, and is aircady rt>- 
luniing to close tlwpaitk In position No. 7, in which tlie 
crank w at tha caaHMnaamDt of tlw lattm tluew, tlw valaa 
haa not only ehaai tha liant alaaB»fait« it haa alaa 
admitted the steain for the back stroka^ and rabased the 
ateain employed iu the front stroke of the piston — all this 
it h.i.« .I 'll" jdiiu- I. [11(1 lii lVri: llic ciiii u: t)ii.' i'miu l-trll.^. 
\\ iii-n ilir [iM.-iUuii ^'o. 10, is altsuiicd, ttie cf«utri« ba« 
c iiii|>l- ii 'l iu retrograda moTcneDt, and, consequently, that 
of iho valfa^ and haa laaaauMDoad ita lanrant tbraar ht tha 
diiraethn (n which it aat ont from paaftian ITa. 1. 

To give precision to these oonsidcraliuus. to point out the 
peculiarities of the motion of the valve ndatively to tliat of 
the piston, caused I'V iIm' troduction of lap. and tb'' 1 1 u^i- 
qurnt advance of the eccentric ( and to de6ne the ptjiuts of 
the etruke at which the principal eveuU of the distribution 
taka plaea, »a aoat h»«a laaauaa to Uw fcneral diagraa. 
Pig.S, ThamodaafaanabaatioabainiikrtotbitaBiplojad 
for the iii i 'ti >ii llagram of the old v.iIvh. Tu >flve positions of 
the craiik art thosen, as in the jtri vii la'"; for the fin»t 
positiuti, till' v:Jvi' ;s [i1;>tm| ;ii 1 iii,-li, irii- liiiiMr a.hanoe, 
from its middle paiitinn < I lA Wp inch of lead); 

the centre of the ecceulri.- i^, tliupefore, nooessarily pUced 
with » linaar adwaaa of 1 A- ineh, maaaumi an tha pcipandt* 
ealar drawn 1^ No. 1, on tha cbatttar path af tha aaeantricb 
to the vertical ci'ntrr lin ■ r ri. If l ilii -ir-les be divided 
into 12 equal parts, in the liirection of tiie revolutioa, reckon- 
liani Nai. 1, tha paipandiaiilaa dwwB tn tha 
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ibliim lint I lit ftan ftinti ti tli* imnar dnlei, 
netrar* dinetly tht timnem i]u)Uncc<< of tli* T»lT»-»il<re!i 
abovd or b«lnw (Iicir middT* positions, vliirh are duly net 

off fill till' (iM!ii:;it!' lir.in. .iii-I c'!rii;'-i'*r,l liy >'lii|'tii' cun'ca. 
To render the action of tho Tslve iha inure a()j>arciit, a* 
th« <liiitribalion of the •team, tli« nioliun of tbe 
lid* daring the adiniMmi of Hmn kt lb* fnmt 
stntce, M defined dwk iliading s, htinea tht Km «, 
and tlio eTtiptie carve ; the motion of the valre for r^leasin;; 
the »tcam on t))e froiil side, wliicli takra place towards the 

«nd (•( lllr ^^rnlu', is di«tingl»i:-li'-'l Vv li:;l 'rr .■.Ic.litl;; l. 

On lite fitl'.er- -iiif .if the pi.Hon, diiriiig tliu tVuril »ti-okf, 
•jriiiider is ^vi<U' i:>p>;n to th« exh&usi, as indicated by shading 
M, tad ia ooljr daatd towank ttw and of tba ali«k*h at 
tb« pobt wImn th* •lltpti* «um eienm Un Hut «. At 
the waste steam is, from tliis point, locked np in the «ylinr]iT, 
and is subjected to compression hy the adTancinj; piston, 
until the port ia <i] ri;r,l f.-r n Imi' - "n, tlin trinpular 
<>V^!i gfjoMV ttpreseuts the period of emiiprMsiun, Just 
!i- fiiT • tl)« eoill|ll<lk>n of the front stroke, when the pinton 
haa tkbaot A ''"^'< i'^^ describe^ (ha oppiaita at«Mn-ai*lv 
af the ■nim opens the port for tha admiaiioD of ataam for 
llio commencement of the back stroke, at the intersection 
of the elliptic curve with the line /. Tho pcriwl of 
2diiii--r ij a_-;iii:-l tin" |i!-|iiii H <l i- 1 ii: L.'iiished by the »ery 
amall trinnguUr aii^tnl Ajmee i>, sii llie Ivrmination of which 
IIm port ia open -fg inch for the commencement of tba 
atfoltab Tba Mia triangular aUawuica ibr tha 
awat ef tha frtnt atrolw it otNerraUa at tha ofipoiita emnr 
of the diat^ram, F. 

Tho operations of tho old aisj iiiuw viilvts arc clearly 
lii 'viivlii il by the two getivral din<;run* in I'lalcs 1 and 2. 
'J liK adniiiiiiion of the »tcam, which barely commences with 
the stroke in the old valve, anticipates the commencement 
of tka Btraka of tha new valve, and aaoiina n tiaialjr adoMa* 
aion of acaam ; the suppresnion er eatting oC whMi m 
delayed till Ilio i!i:il r,f t).i ^ti'ike with the old vnlv.., U |i. r. 
formed by tlse iiew vaive bti'urc three-fourths of liit airuiio 
arc completed, and provides room in the cylinder for working,' 
thci steam expansively ; the releaso or exhaust, which, by 
the old valve, docx not occur till the pi»ton haa onmpiatad 
ita Btraka, takea phoa with the n«« ytin, while the piston 
haa yat abofs t inehaa of tha atrolca to daaarilw. 1 1 plainly 
111-, ttirii. tli:it to liip nf valve we are indebted for the 
unii^ .Uvautliigoti til uurkiiig exp«ii>ively and exhausting 
anrly. 

Amthar pecaliaritjr indaetd bjr tba intndwtioii of lap ia, 
thai tha Talva laaehai tha and of ita tnval andiar hi tha 
aooraa of tha atraka; that i«, the maxlatant opaniag Jar 
ataain and oclwait la more quickly arriv«d at. Thla la a 

direct con^pi|ii'iio(» ni' ilic tn'-is^.irilv ::rr;iter linear advance 
of the vaiv« with Up, t'ur by as much dixra it anticipate the 
noveincnts of the old valve. 

The me of iap iatwdiMaa aaMipwaaian of tba waata atain; 
and it ia ebrion ibat, h tha aunpio bifeia ni, tha tan- 
prmi on of tha aihaiNl ataaa hahind the piiton, oeeon 
almabanaontly with tha libmtioa of the Keam frnm the 
from of till- |ii-t.iii ; ill' f.ii. aroaa, L and K, are, in short, 
(imilw and e^ual. The reason of Uiia ooineideoca may 
mdily ha ^tharad from n taapartien of tho diagmm i 



aa it ia app am it that whan, m In tbapnaont initonta, ib» 
iaiida adgoaof the va1v^ at half tisvel, an fine lad lina with 
thoaa of t1ieat«ain ports, that is, when thai* iaimthar inaida 

lap nr<i' iv' :iriii -i;, the valve cannot relcoso steam on one aide 
without, lit tlie aaoie iuataal, lociting it in od the other sida 
of the piston. 

The kat ptooliarity tint ainj ho noted, ia, th»t the OM 
of hp hMwao > nwat iftawd opoatog fe n wla aia . Tbaknd 

for the exhaust i» by o( nioch at U>e lap in excess of tho 

lead for adniiiuiofi, the one being liV inch, the other -fi inch ; 
ar:'l Li i-.Tpiirl-'UH iii-ii]-' Iri i .ind fiilv ' I;ill po:'/ iiisiiir', arti 
uf iiiucli mura rcul iuipurtaiics lUaa «iiine tilings for the 
admission. With the old valve, tlie inside lead Ifl hatlMt 
inch, and of « kt thia it ia iadoUod to tho lap^ 

Onoa nwni, h mot be nmarkod, that while tho alliptie 
fi;^r(4 are correct aa lopraaratationa of the motion of ib« 
valve in relation to that of the crank, they are but approxi- 
mately ^r, in r'-^;:i'ot tli.it i.;' tlir ['i-t'll-. Il liri'i .iln jily 
been «'X|il;iii:' il (Iiat tl>e atiguUtitv «f iJic «>iiii«'4ing rod 
aflVcUi ili^' iiMt.i n of the piston, and that while, daring tlie 
front stroke, the piaton is In advanoeof tlie poeition it woold 
occupy wen thaio bo obliquity of tbo eDUMCtiOK rod, it ia 
behind ita dao position throughout the whole uf the back 
stroke. This is ill<u<tratcd by pn«itii>n« No.<<. 4 aud 10, 
Fi;ir. 1, in both of tlie examples. The pi^iod of adminsion, 
therefore, indicated by the dia>;ram of the new valve, is lees 
(ban that which corresponds to the motion of tho piston 
during the front atioke ; and asaaada that which takao plaao 
for the back Mrako. The peinla of ralaaw and eompriaeNiD 

are so n*-ar to the end of tin" 'fi^l.v, \»!ii'ii' tin; un-ijlaiity 
vanishes, that the variation in their cina ui iuipu-iiuit. 
The dias^ram, however, yields correct mean positions fur all 
the |>oinl« of the di9lribtitM>B,as what it exceeds one way, it 
recedes the other way. It lo, bcaideii. correct for the WWtitl 
of the fltank, whirl', n meaanveof Una, install onnlo, a 
hatternaaaooof l ih pir.litjr of the ashantt than tho motion 
of the pi^n. 

While, tlierrfore, it \» inip<»<ihle by means of a siit<;le 
eccentric and the ordinary slide-valve, with the same lap at 
both anda, to nmdor the admiataon c^aal for tlt« fnmt and 
baokatnkan— aW wfth whieh wa ate fiuniUariaad by tha 
oaa^nalbMt or blastof OooMjpta^giina^aadavMiof tha 
more modem engines Stlod with IIawtboiTi*a TalTV-^r, 
already described — the evil may 1>" n inuvcil 1>. )/H i i iiiii; 
a difference of lap on the two ends uf ihti viiUe. An excess 
uf lap on tlie front end redacea, of course, tho comparative 
value o( the front admlaaion, aJnady too great, and nwkee 
Hnora iCH^fl^lothehaolt. Of thoofleioDi^oftMo 
made of oomttloi^ «« ohall hnn aa opportmltj of jndging 
ht tbo aeqnal. 

The cllipti" >-urvc-, nr ilrvojnpincnt of tlio nioricri .if tli'' 
valve, may be termed tho iHvtwi»-cnrTt!, t>r »«.u{ii.«-<i'.iyn»i»» 
f/ tht ralr*, being understood to exprCMt the relation betwees 
tti« notion of the piaton or the erank, and that of tlie *al*o; 
tbo hnriaonlal Una topMaantinglh* niddlo paMtinn of the 
point eliosen Ibr tiadq; tho oam^ may ho laimad tht wjt 
of th* motion. 

From the nature of vulvf in.it'i.n. It follows tliat tlie 
distiibotioi) ia controlled by the outer and inoar adgca of 
tha oxtiama porta aod of tbo eilva. Tb« maMwidlb of 
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«xliau9l-]M>rt, or thiekii*»s "( barn, i« iiiimatcruil id tlio I 
ttmiii;; of ihe >li!t(ributiun. Tlie exlrriiie eil^ea of tin- xu-iitii 
porta, and those of the valve, rf>i;ub(i* the adini>^!<ion ami 
jimpprenioa ; and Uie inner edga of the porta and the I 
nlf* teaiiwi tht hImm and th* riiiii|i«iiriiiii. The dis- 
triktttioB of tiMiltHi tkn intolfM^ fertrnj tlMlwairth* 
pifton, tanr dHttnet eraiiti, wtmli H ■ tka iatj tttnl v» 
to a'^-■omI'It9h : thi> admianUt Um npprMiaii» tk« nkate, 
and the compression. 

Simpl^hatiim of tht Dia^ram.~Kt th* aMtloiMama of 
Uw four «4gM «{ 111* Tal*« an tdtntiMl in ten, «m curve 
»qr b* mplcyid to w p mit thw il, bgr MnminK » 
•OBinoR wk Tina we may eoatoa* <ha di^nni, and 
indinte the dittribntlon equally well. For eismple, draw 
tlie dniiiiii litif A n. Fij. 3, Din^nnii-I'lito II., for the 
length uf fitruko ; bUect it, and draw Uie vi-rtical lino d e 
throagh the centre; on th is centre draw eirclc.% as Iwfurr. 
br Um pathi of tha mokppin and aeenlriSi Divide tlie 
OMk^fdtk m pi nl o M i ly, teto IS «fHl MgOMiita, and 
draw trancrme linei thrMigh the pointo of diviaioo, per- 
[K'niiicular to the datum line. A» the motion of the valve 
is to 1m' r. m ijt' il tin' I lansverfii? dirpction, ami in llu-ro- 
foro mcasurahle, ae before, b^r perpeDdieolar diatancei from 
th« datom line, «• akall, fer rimplieily, adopt the same 
dattun lino for tha immmnto of Um aieiBlno. Set off, on 
fba amallor cinile^ tba point 1, of iriiidi tho peipnulieular 
distanre 1, 1", from the datum line, ia equal to tlw linear 
advance ; starting from this point, to obt^nod, divide the 
circle iiit i 12r.|ri,il ].:irt<. iiuihIktcJ in «ucce«*ioii in the direc- 
tion of the nioliun, and from the point* of dlvislun !<ev«ra1lT, 
draw iinee parallel to the datnm line to mo i tl.c ti-ansverav 
tinea fram Um etank-einle eomopoodi^g^ nmnbefed. The 
potato of intontetion, I', ST, ll, ht^ m ftoid, an pointo of 
the motion-curve, wliicli may then be completed. 

Til* curves for thn futir events of the distribution bdn* 
referrt'd to one axii. hrhn inii»t liodr.mn upon the fir;>iri', 
parallel to the datum line, to rcprisriit (hi* workin|; edges 
of the Rteam-porte. Tha extreme edge of the port, that is, 
tlM poiitien of tha liao fer admiaMon. or tbo Hm m li i u , ii^ 
aoeordigg to the prariom dia<^m, Fi^. 1. 1 ioeh, the lap, 

from the axis of tlie nut ion- curve a9soni3tcil with it; there- 
fore, draw a li:ie o, 1 itK'li apiirt. parallel to the 
datum liiii'. Ai;ain, tin- iiiiinr ed^'i! uf thn purl, ri-prcucntcd 
by the triatut-iint li, is line-and-line, or identical witli the 
axis of the corresponding motion-carve; it is, therefore, 
idntieal with, and wpwiaed b/, tha dataa Uno. Thus, 
tho period of admiMbm dwing tha tmt atrolco is repre- 
sented, a-H iti Ki;,'. 2, liv till' aria k f-uclu.^fJ \,y tlie stsam 
line, and tSii! r»li':i!<i- of tlie Btcam su aJtiiittfil is expressed 
by the area L, bounded by the datum line, tn-.v.irils the end of 
tlte atnke. We may liiiewiea define the cimullaneoDs opera- 
tkmseo the ether aida of the pfatan,eonpriibg the exhaust 

whidi, tadwd, ar* aappoeod to be tho nno on liotli ridaa of 

the piston. The exliaiist and compression line, e. F'vz- 2, ii, 
like its ncij^hbour, t, identical with tho axis uf llm relative 
IBOtioa-curre ; tho datum line, therefore, hccuuu'S the ex- 

luHMt Uae fur both the front and tlw back eoda of the 
«!^M«r, and«t(mfBiMtl7l]wlaifa>dudadarHif,F^K.S, 
iBdi(al«AopHwd«r«dbiMtfirtha haik alwn, aad Ao 



ihrk area N, commencing where the exhaust (irn.ijiai, », 
indicates the coniprcsBion of tliat »tcam. The two areas 
W and L, are, in short, identical in the condensed diagram, 
as It baa alnadj boeo proved by Fif . 2, that thqr art d^ 
acribod dwuHtim im ify , Tha poiitiM of tho atoaai Bno,/ 
for tha othw oad of tha ogrlinder, would eleariy b« at much 
aboTO the datnm lino aa the line a is below it. It is omitted 
in Fi;,'. 3, A.f it euuld define notliin^ iimni than the small 
period of pre-admtMion br the bacic attoke, aimilar to the 
area » iw tha finai atiolM. 



CBATTEB IL 
Tkonnniwa ot Vima 
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The distribution of cte;un by tho elide-valve is regulated 
by three elements — lap, lead, and trarol of «aln — and as 
»lu!ratiun of any one ol theie aiBHtik h * **H>W^' aannor; 
all tbo oranto of tha dialribntioii. Xha influence of these 
eienanto fe anueptible of exaet ealeulalian ; it is, however, 
cipodieiit, in tlic ili^t !o <'\iiil.it, \,\ the method of 

the coudcu»i'd dia^'ram, the nature uf tli« changes so effected. 
Ste|dien««n's valve, already exemplified, will bo retained aa 
the aabjeet of illaatnition fiir thia paipoaa; tho diroot eoa« 
nection with a aingfa oo wt riabot^t reeaaed. Aaaeqnaiat- 
anco with tha normal motisn-earvei thence derived, wiQ 
faeOitato tho mbteqnent bnaineat of iUastratiag tha oao- 
pound motion Ui riv.-d from thb Jotat opmtioo of tna 
eccentrics and the coujiling link. 

The annexed figure repeats, in the curve Ho. 1, the motion 
of Stepbioaou'a ralvo, ainodj rrproMBtod on a laigir aeda^ 
bgr Fjg;t of Platan. Aaeoidiiig tothaMriaofhiaAwdth 




llaUt«Kiir«ra m ildtrxut SmIa 



parts, appended to tho li^urc, intended to facilitate measure- 
niriits, the point of suppression occurs when the piston haa 
deocribed 73*5 per cent, of the stroke, and the release com- 
neneea at 91 per cent, of (lie stroke. Tho travel of the 
ial«aii4|uuhia( tafk 1 iMlii A inaht If 
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theae raluee be iurreuMl in tlic «iiik' itropnrtion. (r,y trrMed, 
the tnrel would Iw 13} inches, tiie bp 8 itK-liim. umJ th« 
lead i4 inch; wiili tlusp dnla, let ll>e curvt Xi>. 2, Fijj. 59, 
U coiutnietoiL It uppwut that) lotwitJuUiiduig Uw 
cnggmtod dimniMW tioptai, ^ M |iyi iiii iui aak tt» 
cxbwMt Uk« plae* at iIm awM po'mtt of tb* Mrokc, 73 5 
and 91 per r«nt^ tJiat «er» provided for tlxm by the iir*i 
vslvf. Tlie pr.ajtiuns of the points of a lniiesion and eoni' 
preesion arc ai<o idotitiral for the two valve?; aud it is, there* 
{on, to hv iiifrrred, tiiat if lli" Ihrrv rlrmenU, lap. lead, and 

ttmd ^ taht, it incnand «r eUminiiM in «ttfftu«H»», m a§ 
a/ tie dittributum ma tilt tmUmt, wmtmwiimfmma^ 

of tht tirvif, 

li' -^iilfM CI iirM;i::ii;tlil.i ;;pn(Tiil ]>i'opiHil;ijn, Fi_'. .'3 fitiswer* 
Uie purpose of sliowinj that an tnlarged scale may, nitli pro- 
priety, be adoptwl for illustrating the Talre-motion — enlarged 
with nCiNiMa to th* t«kU on itUdi tki ttrelw of tb* pbton 
iivifviMBlid* TbA^iBVilscslf towliiflhtlMfligaffoitdittvtt 
!■ iUi of fall aua, applicable for the measurement of the no- 
tion of tbe TaWe, as It Is for tliat of the piston. Br this scale, 
it Iin ju«t Imtii K-rn tliat tin' I,irL:-'r I'uivr :- c'ri-rruetr.! 
for a travel of 13i ilKlic!. If ne i-uppcsc tlie fc-ale to Im) 
trebled, ii lien of the travel, lap, and lea<l, the larger runo 
HOI naanw^ «n n aoaio of^ha, piceiaolj what the amaller 
•ammMnneaon a {th aealo— tho «r%iiul 4^ hidia tmrd, 
1 iulllap, and A hail. The enlarged rcnic is, of eoure^. 
only applimble vertirullv, and wlille it yielda the pnintK of 
the di«tribation with e>pial fiilclily, tlie mlersie'-ii ins ar: 
more obtuse, and are, thcrclore, niurh more clearly defined. 
tht adoption of a separate Dcile for the val re-motion, con- 
i tha wbola dngnm, and will bo fitUomd oat In the 
tiHaataBtiinn. 

Tho influence of travel. l.ip. and lead, may ni<-<t rcni'ly 
he appreciated by means of distinct diagrauu, to show what 

HS-M 



ivrly. Till- vari.ili'iii in eai'li iM«e, i« madi- by Hjiial dilTer- 
enefs; and not only is ilic iuilucnce of the variation 

rendered very obvious, but uho tlie influence of the uow 
diffenneonpandiflortnt periods of adiuiisioa. Thoinlaaooa 
ofata>7ing tisvid. within the limlta of Sj^ and H inebea. 
with I ineb lap, and iV load, is representad \y Fi^. 60, an- 
nexe<l; the travel is redneed by equal diRmmea of ) Ineb, 
oxceptinj the l.i«t difT rcnee of } wn'li. Thf sliorlM, [uiKsili'i' 
travel is H inches, con.ii-iteiilly nilh thi> aKaininent uf liV 
inch of lintir advance, a constant quantity in the diagram. 
It k aypnwt that tho cdbet of a rednetion af tmvri ia to 
aoUapao tb aMtioa-enm, and nltlmalaljr, la lha aaia of Moi. 
fi, with 21 inch travel, to ndoce it (o a straight line; with the 
diminution of travel the points of suppression and release ar» 
approxini.iti'd to till-' l.t'L'innii'.^ of the str'iki\ li ndiicefc 
tite period of adniiuion, and inereasea that of nlease; with 
2^ inch travel, the period of admission ia bat 12 per cent, of 
' ItJha atfok% wbila that of tnkaae lafiO per cant., or half of 
fhoitnln, llwpwiodofadniiaion prtvioaa totbabiigiD- 
nfalf of the atrakOb alio Inerea^es with the dlminalion of 
travel, nnttl finally, with Sf^ ineh travel, it is 12 per cent., 
c<[iial to the p- ri >d of a-ltiiisiion proper. An l it i«. in general, 
di.-itinctly shown that \ inch diflfcmice of travel alters the 
period of ndinixaion tnnch the more largely with the vhortir 
tnvela. The elliptio fenn of tha onrvo afibrda a read/ «■• 
Sanation of tbia wiablo infloeaoav Car it ia plain thitt, aa 
the steaUl UnaiaiBtoneclod by the curve at a ii;oro acnio 
.ingle, as tho travel i* reduc^^l, the p<iint of int- Tsofiiuu is 
alui iiiori'StHi'i'ptil.'l t lit i'huii_;e. 

The cfTict of a varying lap ia illustrated by Fig. CI, in 
which the travel, 4^ iucbes, and the lead, )V inch, arecon- 
•tank Tha lap ia ina w niad bj pwyiiaifa diffewMia af 




•aoh aepanttlj can do. Tha three following figuna, GO, 61, 
6S, oanpriM^ in OMii, » airii 
dUbnat tnnli^ diOnnt ligq, and I 




) inch ; the laat difference is -Jv inch, which yields a linear 
advance of 2i incheis, thf tt ivfl. an 1 nduct's llm carve 
to a straight line. The fipaiate etlVct of iuerea.-iing lap is, 
tike that of shortening travel, to collapse the curve, shorten 
the period of adnaiatioa, and lengtbm the period of osfa«ui( 
and • pvin inenaN o( kp, Klw • lednotian of taaml, I 
Um ahaiter adniaiiaiM awta than tha ki^. 



Digitized by Google 



PUYSIOLOaT Off LOOQHOHVlSb 



91 



VwjiiBg kwl b tlia Uui inflafotikl of the three elemeni*. 
With S conatant Upaf 1 inch, and % \ \ inch (nvel, (lie 
had ii incNHwi bjr iatarala of iV inch, Fig. 62, till it 




I I I ' ' ! I ' I ' I ■ 



I I I I' I' I 



reaclipji tb« extravagant auro of 1^ iuch, and even then, 
iflien the «nm bMooiM » itnight linat dM {wriod of 
adniaiion monite to S8 pir emt. 

Tbe following TaUa CMipritM lb« principal |H!culiaritifi< 
<<f tlir r'rt-;;uiris; illinstialiou, dtrifid l^dimt OMaMinniCDt 
fruiu liiajjraiiM :— 

XiXUt m. T^-THB DUTSIBOmV OP ITCAM. iriTH TAKTIKO 

ns tnou or naioK. 
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Iim!<inuch as it is d^irable, when Aortetiing the period 
of admiMioii, t« mploy the ipan nwm is the cjlinder for 
«MkiBg the itNn ci|«nriTelr, nd for tint olijeet to delay 

tbe point of reletwe. vnrvii'j Ir-ivi I cvA ■.w::'a,: In!iiri|..-ir 
to be moat afficint of liic tlirvv uiuJvs ut causiiii;: au I'^^ilv 



euppreasion. Comparing No. 4 of the firat aeries with 
No. 4 of the ibiril. «t- iiihl tliiit xixf [mtJ'I'I of a'lniis- 

aion it, in the first S9 per «^lit., and in llio ercouJ 

eaae, S9ri per oent. of tlie utroke, the |ioint of releaee oecun 
in bath aaui at about 7S per amt. Thaa, wliila ia tba 
ammd faulalla^ one-third nor* aleam ia admittad, tb« 
period of cspnti-sit n is shorter ; and. accordingly, the steara 
in the (init iH'iirly iloiiWt'S its Tolnmo daring expansion 
|irfviuu3 til ii.H nlran.-, wli<rr;i.<. in the aecond, it banly 
reaelips \ \ times iu initial volume. An early relvaae, alao, 
involves an eqnally early conipressian ; and, niureover, iu 
tha third lariei, tba pemod of pre admiaaiaB lapidly ia- 
eraaaea with tba lead, maeh mora ao than with tha abnten- 
ing^ of (hi- travil in (lie first. 

To piin<uu tli« cuiiipariwu furtlur, it is udvisahic to 
arrange the periods of cx|>aiisi(>n due to the perioda of 
admiMMO a» afdioatM to a baae line repraanliag tha 
atroha, TlwpariaJnf aitpwlaB,«f eoaree, are w a a i iM 
«rthopointi«i«l Aa pallia af tJiaaa , aa thayaraahnp^ 
the dittanre between tlia potttieaa of Iheae points, and tlwaa 
of tbc j liiil" nf I u; |ir'/^'-l"ii. Till- |>i'rii>di< of cxpan<ioa ata 
(circled for ci<rii|iuriMiii. a» they arc understood (oconatitate 
the principal element in tbe efficiency of nli»'ia«tkM. A 
Ufger axpaoaiim, aliOk inpliaa a iinijler eawpfawiae. 

FiiBl, with tha varyiag tist al, dw periada af aipaniiwi 
aiaaalidbMr*— 



No. 1 .81 5 Mf 

>■«. 2 73 5 „ 

Ko. 3. »^..........IB 0 M 

Xa, 4b>— ••~»»-W0 n 

No. 5 ia oBiittad in tbb eeriea, as it is an irregnlar ease. 
Lay down a baaa-line, a b. Fig. 63, to represent tbe lengUi 





|-HKV- ti-e • 



of thi! sti'iT,.-, I'ri ni A fH olT S.!'.' pr-r oviit, on t!ie Ua.«c-linc, 
as the period of a«liiii.<i>ion lor No. 1, and »t this point draw 
a perpendieaUr equal in length to 18 per oent., the period 
of expaoaioo. Sat ofl^ ia tha tame wa/, from tha aaaw 
point 1, tba perioda of adminiaa for N«a. S, 8, and 4w and 
draw perpendicnlara to represent tlie respective expansiona. 
The extremities of the four ordinatcs so obtained may be 
joiiici li_v a cjrv>'. if r nt r. ir l. p.-j5*c5 through the 

B; mid llii? curvu wiii ripn,?cul, by lucaus of or, 
diuul<'!i, tiie |H'riuds of exjKinsion duv to all periods of ad> 
miinioo, witltin tha liaiita, at kaat, of tboae which ha«« 
already been hid down. Tha aame praeeaa may be applied 
to find eiirvi^s of fxpnn-ii-ii f ir tl:" r' li ..ii rj of i.iry- 

ing lap aud varying lead. Tlii; ilire« e.ipuusiun-curre» 
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in (hte imUMr trt plutd in jnxtapo.<iiiioti u|K>n a 
I hmVm, la Fig. Mi thAotdiMtitdiM to w adnb- 




"3" 



lim «r n-5 per MOL Ii diwm OB fh* %n«i, M it ti MMBtnen 

to iflo tlirc« eurvr-ji. It \«. in ?hart, the Btartiiig line fur 
them all, and rorrespoiida to tho spMial ram of 4^ inrli 
trarel, 1 incli lap, anil -ft inel' l"*!. which each series 
WM MMiinirDrml. U plainly appears, from the compound 
f gBNi, that var^'ing lap is the most efficient mode of wurkin:; 
«ipHNiv«ijr. it •• aligiitky m peri or to wyiQg tniftA in 
diis reapeet, and tli« p«rtodt of |i«»«diiiitM«a m ilMiter 
with Tarviiii; l:i;v. Wii Ii ilimiui^ihed trayel, howerer, an 
inrrraiicd jir«;-<ui!iii-<.juii ia ul li.o !«§» importance, »» the 
wire-drawini; sa caused retardi tin: mil.iN of jitcam. Varia- 
tioo by lead ia obvlooiljr • poor mode of working ; the cx- 
pdwiMi atM «tt^u » nuinni. 

Ortk»»eaoteaf VMjriiign^piiiMia^lgrlapuid tmvei, 
tiM btlw idtcItn naeiiMiinn of • •inplcr diarMlar tbut 



that wliich is iv 



. il I v tiir fonner. Variation Uv travel. 



with r. nstant lap. appcsn ji, tliereforo, Vi be the most eligible 
nieaiM of varying expansion. The wirenlrawing influence 
oC ndaoMl tnf«l, alictdj tUodtd to. moat lamain for tii« 
pnint • mbjMt i«r aimiillitioi^ till Ika tridm af dit^ 
i» broaj^ Smnid, 
Inside lap aul iuMt clniuaa modify the perioda of as- 
pansion and coinprti»»io)i. The addition of iniido lap defirs 
ths point of i>elra^, and, consequently, like outside lap. 
pmtttagt tba ezpaasire action of the eteani. But, while 
dalajriag tha nlaaMi Iniida lap iiaataiia tha camprMaion. 
aiiithaddajriatiwamaiiaiiappnaiaiateljraiiaiii tatho 
Mitirfpatittt ia tlM aitliar. Inaida daamm apanlM i*- 

1^411 



/ 1 1 / 








-y. — ^ 



; <t kMtcM tbt idcMt, SDd, tbantmi, aharlau ih« 
wliilat it Mqn (lia WBpnHiaii. Th«» aoir 



elusions are exemplified in the diaj^m, Fig. 65, for the 
T.>1 v« of 4^ iudi tisvel, 1 inch laf oataida, -j^ iuek liad, iritk 
i inch lap inrida. Tba agdnml Una ia pluad i ioeli abon 
the datum line, for the same reason that the stenm V.:ir h 
1 inch Iwlow ; and the compression line is placeiii ^ 
lieloTC the datum. Tho steam compartment, k, reniuns 
unaflected by iiuilia lap; the rxhau«t cumpartment. L, is 
made eliorUT than io Unoriginal dia;[;ram, Fi^. A9, that is, 
the 'plaint of nieaaa w ramovad towards the and of tba atroka; 
the comprecsran, X, h fiiHy as nneh ^rtatar tlian befim aa 
tl.i- 1 1 1' 1. ; :tnd it is pretty ob»i«u« tl. il ilic i-ffect 

of lunde Up viiniU be Mill mora important for nLuitvr imvels. 
On the other band, an inside cUarance of i inch would 
aauaa ths exbaaat and couipreeaioo precisely to exchangv 
poaitioii*— tba compart meBt l would baaona tba 
tati** of campraasion, and i that of wlaMt tto 
tioB wonld bo ddayad, tha releoae haatcnad. 

Inside lap and inside clciruu >' :i]>[^i- :ir to l-e unimportant 
^'ariations from the common aii^mgcuRUt, na >(hjt is gained 
or lost iu expansion in approxiniati-ly lo»l or piined in com* 
pvaiaioa. Of tha two^ inaida ctMnaea ia jicotabljr Uta neea 
iuMonit; wit,ait«ll«mta,a(OHinftllriw«iliMMt,«liicli, 
•t Ugh apioda, ma/ oo liaap don Uia baelL pnaaoia to 
ba tnora tbaa a matdt ttr tha bacfit of proton^ aspondbn. 

It was Ktnlcd, in tlio previous i ! :i] I r. ..n cxcvss of 
laji on the front end of the valve leji lwl l-> «jitiilin; the front 
and back admissions. To find the value of this correction: 
il iiaa ban famid tbat) witk oar aacM vain, tho niMafmtad 
aoppnioiwtakao phaaatTMparoMit.oriboatnkaj aoiv 
noted fur a contMcting rod of ais timM tlw length of (be 
ci-ank, whicli ia an ordinary proportion, the adniiosions for 
the froct and back strokeflai i , r> ^p- rlivi Iv, 7ii 7'p :ui i 7') 
per cent., yi«-Ming a diSermro ui ij u per <xiu. li id, then, 
ra^Qircd to a<ld us much lap as will reduce the front adniis- 
mm to {7»9-~6-i) 07 p«r ctot. woonactod. Bf tba TaUo 
No. S, aiwiriiig tiio aatioB of laf^ «« find that aa add it ion 
of i inch lap reduoos the admission to 4!) per cent. An 
ailditiun of i inch is then-fore too great ; and, in fact, it is 



found 



I he tmnt admi«- 



sion to 6tr^ fut will., mid, cut r c4:uii i; lor the rod, the actual 
admission is 70 5 per cent., which is sensibly the same as 
that of tbo back atfolta^ nanaljr, lOrii, raauitinig tnm tbo 
appUortioD of 1 intih hp. Ih* painuof nfaMO an «■»> 
lari/ tqipradontod dw OMW OKpadiiol of iiBOfMl lap. 



CHiFTEB UL 

Tbs Limt-nomm. — Tm StATwsiM Lmc. 

It has been cxplainod lliat, to noliaa tho banafit of Mt> 
paniiive workinj; by moontof a atn/^a valre.tsp itemnlia); 

Ill -imple conncelion with an eci'iiltir. ilj,' v;ilv • >(> 
ma<iu may be proportioned and set u as tu yield any 
dafioita degrao of aspansivc action. To vary tlie degree of 
expoaaiMi io tho protinco of tho link; aod, thoa|h aimpla 
in eoaatroclioa, il ia deliMle in iti motioMi m ihMO aio 
affected materially hj appMWtlf WcdlEwtioiia of 

design and arntngcuMOt. So anaitifV ■ tlw link, tiuit all 
tha diScnnea batwist n nijr (tod and • vaty bnd ralv^ 
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■Mtiwi niif lite km th* mtd* of nMpeiHliBS It, nd linin 
tiw MnngBmmt of the joints or pointa of atUclimrnt . It 
io, thfrefore, ite««sary that llm Icftdins T.irieti«8 of link 

niechjini,-in nIhuiIiJ dc i-i,tis:il:Ti'.l, wi ll a.- tin- iirnn i ir- 
cumstaiio«a by vihicli tti« motion (itrnttiU iWiii tljti liuk i§ 
effected. 

IlM,fint condkioD of » good link, oDninon U> lU n\<n- 

htt idcMC. Tho Mcuid k. that it »liouM suppress and 
ninae the rteani (qttally for tho front and Iwifk rtrokos of 



th« [li'fcn. 



An.i tl„- tliird, 



tlukt tlio period of expaoiiou sliuuUt be &uiuciral]jr extended 
to ••sItc At most, if not tlie wIioIp, of tlio steam's force, 
WMptiiif k dwtiutioiii to meet the iiM«itilj« of tho biMt, 
Unw wndition^ of cobtm^ tp^r mnjif to A« dhtribottoo 
of ill* steam. The second cmidltioQ appears tri li.nf dcen 
tlio most dilEcnlt to attain, judging at lca*t from tlie almost 
uniM r :il |ir.i. 1 iri' <jr ii^iequal beatinv rliaracteristic, gener- 
aUj, of locomotive's lilw-d with link-motiong. This inequal- 
ity of Mtioll, according to which tho period of admiviion is 
irntUf, gUMnllj, during the fnnt otrakM of tha tm piatono 
thn immg tho koak AtAm, tarn htm nada tho gmmd of 
one objection to tho »** of the link. The ttl>jc«tiun is, liovr- 
ercr, merely incidental, and may, by a proper disposition of 
thv ckmonts of tbo motion, bo (Atotttlllft or tt Icoot tuv 
tnally, removed in practice. 

Link-motion» arv all of two cla^jin) ; in whi«|», Srit, the 
link ia anapaadad dimtly from n fixad point, aa • atationary 
link; aaeondly, tbo link ia OMvaoUe ««rtiMtlr, carrvin? 
with it, of course, the eccentrio rod* whicfi an- .iln .-tlv 
nected to it. In tho first class, therefor«, ilif vaiiaiiie tx- 
piriMrn is .'ircoinpli-|j i ll by sbifling the sliding blocks in 
tho liuk ; in tho other clas.<i, the link is shifted npoii the 
bloak. Tho link itself is emplore<t under lhre« gcnoral 
fonMi distingnishtd oa aiadi by atmatoml dnnatoriitin 
an by peculiarity ef aetleD,r-tbo bm^Iink, the open link 
joined to tho e<centric-rod« at the extremities, ar .1 ti e open 
link joined behind. The box-link (Fig. 66) is fcrtnt d iu two 
haWes or sides, boiled together at the exiremiti -:<, i n~li)Mng 
a rectangular rec<-^a for tho reception of the block, aa tltown 
in section. The eccenlric-rod« are atiaefaad to tlw Oltnao 
•tud-piBi, ftigod on the ostaidoa of tha liih, and Ana a 
oImv nay io oktainod Ito fbo kbdko Inm OM Hi of the 
liafc to the othar t thiy imqr ho aUAod otm to • pmliMi 



I widi ttw oaeontri»4wl ondo. Tbo two {bnaa of 

open link are adopted with a view to simplify tho porta. 
Tho oao (Fig. 6S) with tlio extrimio connoction*, i« tbo 



ftnii Cut 



I by Ito fHiB, it doH not 




4a Lie own iun. 



p»rnt)t nf the Uoek haag plaoesl concentric with the e^ 
L' lurii' i i.i ends; tbo mpgo boinj so limited, it is plain 
that tho block aovir con Ncaito and trans mil tho fall 
tbn* of fho oettntria to tbo toIto, • faitara In wbtdi tbo 

boX-liuk lia-i tlli> n'ti;i:ir;lm"'. Whl: ttlii lillli, 'Jir ilim* iif 

the eceentrics, auid tlj- i-i-lVii' )l:f ir di-iiu' Iv.--, ii/dat Ll: j^iiaur 
than those reqaired bv tin' b"X lit^k for a given maximum 
travel of valve. Tho third form of link (Fig. 67), conneetod 
bt'hind, permits of the samo frcotlom for tho block that it 
yielded by tha b««4iiik; tho Uook aitgr bo abiftod to a 
pnsitioB lard with tho |ioillt of attaobanat, at wbidi it aiay 
irnuMii;! tho wliole throw «f ')h> (■'.■i'' nlii:'. Tur ..vcrlmii; 
tiMure 01 this knuckle-jointed iiorl oi iiiik, siud iui pccuUulr 
irregular movements in consequence, render it a more tiek- 
liab variety than tho otben ; as, bowoTer, it eombinaa tho 
advant^ of tbo box-link, in napoet of tlio tiaiMuiaiion of 
tho vhsit BOlioB, vith tl!i> f iuiplioiljy of tho oOai link, it 
ia new moat eomnionly ciupl iyed, at laait ra ieeomolloea 
where verti '.il rl- :ir;i!n'o liiii:;t I. Tlie nature of the 
motion of tits liuk, itiKTiittions by wtach it is aflected, 
and tho mode of eompeu»ation, are now to bo investigated ; 
and, in doing ao, tbo dioMoaioiu adopted io our preriona 
iUmliitioaa of vatvo^Mtina win bo ntotaod. 

TutmllfallmaflMtullmh OagantMl or fimdanental 
pattom of lialMiadoB akin comIiI of a otatiooary bos4Ink, 
ftoB bdMr.iiilb»|airof ■WTMbloiUdiiiK hiotkis 




■•«ams4a>iisti^>k«<fiki 



wUeliahall in tbo following diseuasioh bo considered .vi one. 
IboModtahatt be hung »u one <»d of tlie valre-nd link, 
•od ahaU ba diHM Igr Maoa of tho nvmi^ lorar, liokad 



to tl;... l.j.ly uf Oak- vjUc-ro,! ]]r.l. With tlie aid of iho 
snnexod ceotre-lioo drawing of the motion now fticrKd to, 
thofttkMiagdtllaitlensaiaytapnaittd. Tho vain a«d 
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XilliWAT IC&CBIIIKKr. 



tlw «lv«-fam V* aii|ip«M<l to be M tnriMd aliOQt tb* nl<*> 

moA M to l>« i-eprewnti' l in ftection. 

JV^.ff'mj».— 1. Tlio f.irirnnl oinI bofliwnril rri-rntrirt <t, a", nro 
khowii liii. flr nt ili" /■'» <--^'pr'>t'rrf. n, end taei^mtrle, a". In «lie 
cuun*! i)f .Hir illii»tr^ii..n<. Ilic- wwil(ri<» vtull fn-H«*t><lT hn rryrV' 
lu^inl lir ilu'ir rn.lii >iin|il v, »» tlie icvuwiis of tli<i railli uf cuuino 
rrpie'^ril nil tint i» <h iio l>v llie rv<-i'ntni:«. 

J. The flcccn«ne-n»i* i, i' . ati' ijiiiin^iwlicj ok the /en-camtrif. 
Hit. Mwl ihBtariUaw r wtW. 6' . 

a. Tti* 'link' c k kiMHni •iTupir ax tlir tmk M U h ths finntn^nl 
iMik III the nwli*nUtii. It » ill frxviupndr Iw rf pttwotrd tir it.i cwitrv- 

4, Tlir link it, wlilrh «u«.t«im tlx; ' link ' off ihi- Irunircr*- hlmfl f. 
anJ t*, in ■hijrt, tlw utily ^uffmrt for (Ite !it<t en<l of tlio wcfiktnr-md*, 
is <liiliituMM'l'('<l a" tEi>' ^ujtfiiiiiidi? /loil. Wlien tliu ftlmft / t* itbiiv^* tlivt 



■•"r 



<'.ro(J to llic ' liiik»' U the 



'link,' tli« link J i» caW'A t' 
uif-TT^T riTriimiUnlml. 
S. Tlw link <, procwKnc fr»ii.i tluj v. 

II. Thp rviwrany l n w . 1. 1« korol i>n tlie mrrt'ifi rkafl. i. 

7. Tlio Imk i »« the nfr*rni\ff tmk ; ciTinirrtiin thfl valrr-TT-H link 
with itiL* iy viTHiii;? i-'Vcr. its furK-tion i« to uliitt «n<l anctriln in ilio 
roqiiirrtl Po»rtiou tlw T«Ue-nMl tiuk. In Uie fi^ur^, llic t'ntyi^rtMl link 
it 8lio»ii in fall gBT wUhtln fui i i i i Mtm rio.Kj. Ti« iM UnM ^. Jf . 
A'. indieatatlwiiMilbmrfllwMwniqRnorlMuimfoiallietrlMcI,- 

< Tlw ^i>an rf nii«iilii<i. rwU, linlw. <>rtm» »Weli to 
nilra mrina moHiiii fna th» mIa, m known u <lia DM imi<Am. 

rvi/r^-l^rrpiB, or i«n/E<-n*m'. TiMr laKff is tlie ntol* 0«^rpn*llrIM'v(? 
temi, a4 it conipri-**"^, W*i<lr* ilio iu^mn ni>w <rnmni»rnt#*l an thpvixk^ 
tmiiiiiii, ihf r>.>venriiii; nie<iisai«in gvoanil;'. TiH) paKm-mutivi. 
ifaoii'.'h >i»t n eomBMH phmMk iHjr MMiMmttf to anjliel t» tlm 
■tedimtitiu ciiiplojiMi m wwyi f A* nMiiM fran dia |i«lai to ilie 
crank. 

0. The /mill ttnlt nf tl'« [■ii'ton. is thnt wMi'h in d«>i-ri'i«i from dip 
front eiwl of tlio cy'iiitlrr, (ownriis ihr rnink. 1 Ivr hnft Mr<iie iu 
IImi litrwrilrMl fiQiu till' l>iick ciii! of ilie cyliiiiiir townnlt tlii> imit, 

Tfat priiMiinl dinensMOi of the niMbMaim. or Uuuif ' 
which aiiaMn At diiteibMiOT af (Im itNii^ an M Mb^ 

Ii«p of nUn, I i»di : lew). /, iiwli. 
TbMw «f fafli oN-tintr'K", 45 iiHlfMi. 
lif-i ,ili vf cni'li l'<'l'L■<l(n^■r1J^I, bi iackM. 
IjMi^li of lli*^ link, Tni*.i»iii(>ij 

•ccsannc-roio, li iiielie*. 
Umfflk «r dw mfttainioK link, IS MiMt •MmM tollw Iwk, at 

llta imiMla «f H( bn^ totwMO tto cenotrii^nidi, 00 lb* 

Lcnutli I I ' ' . / trl link, no indir* lirlwixt cjul c<^tTr». 

I«ig<li <it rnrKtiini; link, 12 inclic« :, ai'nrliwl to liw raive'lilJ link 

at 7 inchc* In^ii) iliu cvnlm of the block. 
I#ll;rlh of rt?tcl-iiin5r lutv.r, 1,% Inchon, 

Tlie fcusfli «( th,- V .'v i..t . !fii.i,V<-hl 

Tlie iiiMiiatii^in oi the liiik-nintion bpforv (U is diTisibte 
into two Ji^tiuct «e«tHiin^'llic m-rntricK, cccrntrie-roiii, and 
tha link witb ita aaltidiMjr Mutaioing link, form ono •jroMu, 
thOflMieii«rtirbieli iaeonatMitaindirachnutM^lo. On tha 
4MW hand, tha valve, Talve-nHl. and valre-rod link, derive 
thair aiotion from tltr link. nn<l lliv quality of tlii« motion 
dvpcndi'iit upon tlie [m^ilioii of tii« liloric in ih« link, a |Ki?i- 
. tion iiiiiii^iioil to it bj tlie rever*iDg-l«r«r. Tile niottvu of 
tbe valve ii), ilicri-rui-c, lirrived antinly fron tha Ink, and ia 
contralM bjr the nvaniDg-laf or. 

Tho obtaiaiaaBt of vartaUo npamioB io olTiielvd in tha 
lisk-inutiuii hy vjrving tlio travol cf ih« vi»lv-e, Tliii< nnxlo 
of varviiig tlif »>iiiii«ioD lias nlrea^Jy liiN-n exoinplitisil in llip 
motion of 3 single . .•■tiiri '. The motion yieldml bv llit- 
link is opparenlly not ui mi .liniple a character; tbmuQiiout 
tho whole leugth of the link, it ia a curn|>ound of the nio- 

tioM inparttd a«|ittraUljr by the eooootrioi. OKmptiii{r ooly 
at tho poinla whwa it joina fbo •eeentrie'nMb. TlMn;h tho 

motion of pvciy other point of tii« link la so r infi rm,!;.!!, 
tbo iuotioD of csich ecceatric, nnverUiolass, pedouiiiiaiefi iu 
iliwnhairorthalfaikalwnawi baloir tha ointn «f aw 



pfaalM, and ratalta ia •nnthm wnmaBleatad to the voIvol 

of whiah aaoh TMiprocitloii tiiu a vuryiti!; velocity, aoeelor- 
atad aod ratardad, lika that vifhlfd by the iiinsrie aeenilria. 

With rci-pirl to the variability of the trarel of the valve, a 
coiiilition which has jii^t been al1aii<'d to as llie nirani> of 
workinc cxpansinly, it h ohtainf<l by uliifiing the hhxk lo- 
warda tfaa onitra of tba link— in thia taao, tbo ««ntre of aiM> 
panaioQ. Va pahit of tho Uah; it ia tnio, k pamittod to 
remaiR atalkawyi aaona or tho otiwr oeoaatiiiknd ia edB> 
•tjwtly OB tha movo. Tbo laaal horinatal nngo of tho 

link, however, takes plaec at the centre, and the difference 
of the travel derivable from that |>oiiit, and fmm lUc neigh- 
bourhood of the eeeentrie-rnd, ia oon&iderable enoaghtogiw 
pNoiaion to tho ospaMivo fnaetiana of tha Uak. 

Bat whila the pnMtiathilitjr of raWablo oxpaBtMB ly 
mewM of tbo link b thus r«ubiii>lit'il, a cnndiUon oooMMiy 
to ilii trio.ft fui^rifwful operation, in the preservation of a eon- 
!il»nl lead i r ill ill -reel of expansion, inipK i ' :ir^f , 

that tho valve sliuuid. at the eommcnceinent ot tiic »lrvk«, 
the eanie position on the valve-fare, and have the 

I «|MO\pg of tito port for ataam, whaterar na; bo tho 
total tntTol aaaifnwd la it, Hirengb tha imiaiiif mcohaa- 

i.ini. Til is rondition ia almply met bjjrCimniMg tin link, 
aa a sr^nient of a eirete. to the radiui of tho valvo-rod 
link. Ucferrinj to the forc^';i; fi, '.r>?, the ccevnirie* 
are Mt on ihe nx!e with the .same linear adv.tnr«'. and it 
ioUom that uhen the crank in at the be^intiin<r of ita 
throw, aa ia Uio 6gan, which ia tho critical period now aaiK 
t> tnplatad, tho centnt of tho montrico aw hi tho aano *oib 

ticiil line, and an ojuiiliy di«tntit from the lioriz'intal line. 
A\e->, the ecfciitrii^-roJs are of one leiiE:lli, and ate all.irhed 
to the link at equal distances from its centre, which is in 
tho liorizoiitjil line. The ends of those rod* must, therefore, 
like the other extrx'iiiilies, h« in one vertical line; and if 

tba link bo formed etrnilariy to tha ladiua of tho valf^ 
rod iinl^ it Iblhiwa'thait tho Modi mmj aweeptlioeBtiro link 

from end to end, while tho valve and valve-rod remain per- 
fectly at rr»l. It appcBP*, then, that by the simple devic* of 
cirelinj the link specially to the radittn of the v»lv«>-rod link, 
tite lead imposed ujioti tlio vaivo when tlio block ia in fail 
gear, ia preserved iinaltand whoB tha Uoek k abiftad into 
ally Cither position. 

A^'ain, snp|w»ins; thoennh to have aaeDnpliahod a half 
revolution, it return* into the horizontal liii" diamclrically 
oppnacd to its former pnsilioti, as in Fi;;. 70, ii> ri-adinciw 
for the coniniencemcnt of the front stroke. The eccfiitrics 
al*o liav« dewHlMMl a half- revolution, and their eentraa 
aimilarij are oo tha oppoate aides of their path*. So in- 
verted, with tlietr linaar ad«aaea aitinlid on tha a||fo^ 
aide of the vertieal line, the link haa been removed at both 
of ili) <'ndt) fmin its first position, by as much .xt at le,ut 
twice thin linear advano-. Also, the removal at both ciuU 
is e(|aal; for the angularity of the ccomtric-rods, though 
they are now croeeed, ia the oame. The removal ia in &wt 
a small quantity^ biom tfaaii twiea the linear advaaco of the 
aeeeMrio^ doa t* tha gjHeatar aUif aii^ of tbo roda, their do- 
vbtioB from the firet poeition hting iadicalfid by dot line*. 
Thus, the 1 i:-. <i I ■•• :i new pix-iition (wtralhl to its first, 
ttod tli« valve-rod link, which Mill vibrate* on tbe iioriiootal 
liBt^iaitmatfadwithitaaHlthaUoak may amp tha Ikk 
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mMm, whne the vain rmiiit ilaltoiiHj. T%«ii«w po- 

«ttoo of ll>fi valve, it tach W to yWd lh« »anie ItiJ for tli» I 
front ftioke thiU wM foHad for tbe back ftroke. Tho spaoo 




of lfc> iilf ■Mt alw b» niitliing gwrtw Hntim of 

tteMMBtrici. I 
Owan*iQfrii7iatolUlMr«Qttlwm«i«i«r tb«Titlv« ! 

fcr dw«(hcr owlbal poinu, thoM «f -niiMi faa , Pal«iMk 
■ml etmpnttion, ine to different eleratiaiM of tho VInA ht 

tlioliokj with tbis obi.-.'l, ll><- I'l.nsr.mtivi- |Hjjiii.ins of the 

link mu»t be delcrm; I, n i rcjipuiiJiuj; lu wjtial iiitervaisof 

H revolution of she i ruik. iinJ formed into motion-curves 
m ■bndjr adoptad far tbo no^»«««aiitrie ntotwo. The 
BOfMMBli of tin Uak an miidaiiMi indapmlflitir <^ 
TaWe, and it i» tlio* Mcp«dMnt that tkty a h a ri i fca iwM ad 
distinctly. The method of B«tt!Dg«iit tlwliailt.ai i a l ioe i ha l l 

be trcatt'il in coriiunction with <lii^ investigatloil, aB Ihaaw 
prscMa conTmisulI^ oxpliMits tlie uUii»r. 

Tt $11 At Becentriet— They murt b« so placed as to yield 
«lia ■iimaiy Uaiar adwaoa of tha *alfa. TUa moltiplM 
bytm^ortliaaBinor the aAtaaaia for Ihm front aadkadc 
sLrokea, ia, aa we huTo s«en, e^jual to the horiaoDtal dtattBCO 
betwijcn th« two po?ition« of the link at the coinmencement 
of tlir- fniiit uFhl li.i.-l; ^tnib'!'. The Cfinihtioii i-i, thcrffure, 

to place the eccentrics with such an ainrani uf linear luivuuett . 
aa aliall. ia anjaMtiaii wHli tha varying obliqnitr of the ■ 
w<i,«m«atl>aiiaiiaiaijaifanitk« af tlia boat and Imk 
poateiwaafftalhi k ti ri ia tha diwwa af Aa wtw. lat 
A%Fis.n, baAalmriasiilaloratattalbMaf Oanotia^ 




and 0 the centre cf tiie drlviriLj-.nle. TiiroQjIi « ilmw th<' 
nrtical 0 D, and describe the circle a a for the path of the 



figure, and ia equal tfttltaltetriliad fcf tha Bnk. Ttk,iB 
short, tariee the I'tuur :\'1v^nse of the tbItc; and. as the 
horiiMrtal mao?»l of ibe link aligfatljr eieeeda tfae doable 
of thaSDiaraaTaMaof thaaaantiiei^ tha Ihiar ^maa 




I 
I 



apart, p.traiy t.i ilic n i.tn- line, and oqually distant from it. 
to define the locality of the link vertically, the ceotrea of tiia 
link being 12 inches distant. On the centre o, wUb tha 
Itqgtit of tha oeetattifrMid aa mdioit iilii«fa in tliia aaat b 
aaaoinail for eenTonUnea at ST taclMa, or 6 tlmaa the throv 

«f tin- cfnlric, inter»e«t tl'.e llr.i- m at, r, jml liraw to; set 
oli' u r aud each eqa^ to tliu liavar aiv:«jK« ul' Uie valve, 
\-ft inches, and draw the perpendicniars r a, ta' to meet the 
circle ; draw the dtaaiater aa*. Then eo, and aa are tli« 
poaicions found for the few a e eartrfo tu tha kad af tha lade 
and fimnt atrabaa laapaatmly; (ran c anda', aa a«ntN% 
nith the laogth of tha aeeetitrio^vd, fuA on {be Thie «», tha 

points f' ; y-'n\ uh. a I'. TLi-sti are tlie psitluns ';f thc 
fore eecfiiliic-io'i t'wr l.h« Uiu-li suiJ fr»mt slruics, and U.e in- 
terval & b', which will be found equal to r *, repreaeuta twice 
the linear advaaea of the valva. This piooMS ii ampiiiaal, 
and en lia Tla«Nd only at an appandaiata maUiad i in atdb- 
ary eaata it yield* tolerably i orraiil laanha. aa in the tnunpla 
before uis which i», indeed, aa artrana caaa with a almt 

iviil. 'I'h'? f'xar*. va!:ii' ui h f., »> f iiirnl, slimild, of course, in 
all caM!8, lie cLecLcd hv ei'iiipariMjii wilii r«. Aoy diffia^ 
cnce of value is usually in favour of h and the eMNB ia 
eoBmaaly ao aiaali, aa to render at ooea ohrioaa the eanvo- 
lioB laqaind lir tho paailiai of tka dianuttr aia'thj ap' 
pmintiBg llta tha mtioal linet 

The pea itw a of the back eeeentrio may b« aasigned to it 

ti_v druwiii;; a liliL' vrrticallv from a, cuttini; the eirrli' nil the 
other "iih' al n\ and llw diajiitiler drawn from ii to a com- 
prise* th<< jiniiticfl* of the eceenlric corresponding with those 
of tha {bro-aeoeatria; jT on tha Una ai, ia tha inlwai fat 
the hnrar ond of tha Ifadc. bond JMMj ta lliat far 
the upper cud. Draw heU and i" tor tha JwaitiaBa of 
the link ; from e and e aa centres, with tho lHi|i:th of the 
austaiiiin;; as rvhu", find thfl [icniit nl' iiU''P'ivti:ii: 
Thia is ilve position of the fulcrum, over which the link will 
vibrate equally on both sides of the vertical / <f, and tha 
oMtMof (haUttkoiViUCttdilailf inthahariaonlalKaaat 
iba aadafaaabTibntioB. It ii a— m ad, and wiH ahoitlj 
he shown, that the osctlUtions of tha Wltioof tha Uak da 
not exceed the interval e e now preserihed for them. 

The ilia^raiM ."hows very pla;;ily that thu varvitii; po'^i- 

tiona of the ecocntrie-rods have a marked effect upon tlie 
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WOeatries, that U, their perpendicular ili>uiioe from the 
vtrtigal ISm, k Craitd oat to axoMd i iadi. Thi* admm 
K MfMlMhtt, M«d«t, atM b7 lb* tifl* «r ()» 

«a'j«e Ml adrsnra of IfV '^''^ *^ 

ee«entrie« i* tiiBS obviuiulj dependent, not only upon Um 
•dviuice of tht bnt «■ mi]r diMOHon of tht <rglv»- 
uotiMi. 

Afflying the foregoing method of finding the position of 
the oogaitriMt it ofpMUS tlwt br tho M-ineh iwio of tho 
voIw-BOtloB Attiij iDoitMlod, ib» advaao* «f the ooood* 

trio i« exacllv 1-075 inch, or, in common tmHSuu, 1|9 ivdH 
for an advsnee of the v»lro of l^V 

T!iO o;>' :i (jrir.i <A link .ilrcady il-.-'crilK-'i, r'^jufn ] ri>- 
cj«elj the asmo procf a f r ilte eetting of the ocwntric*. The 
{Btomillioil of a ksuciile doe« not alter the conditions of the 
(ho iqipoiituiii of tbo oantiti of oaiuuotaoa 
■put. Ib tko 




Iioiog at tbo oMo diitHK* apirt. In tko laiHind tgm 

7i, of one open 
()ou^l«<l «t thr 
rxtn iMitv , w,> lin l 
llic saino radieai 
lincii that appear 
in tb« box-iiak 
]rNUinj;,ofcooiMi, 
the same motion ; 
and in fi:;. 73 of 

the link ".-.i„j,l.,l c^.:...t.:,^„T.„.r.,u. 
bdiind, we mav rcatlilj enneeire two paniii^i radi>Nil rarrra,, 
one of wfaieh appertains to tho boilr of the link, and the 
' to the ccntrrs of ooBBoetiao. Tho interval ft* liacar 
I being rogulatod Jbr oncb <• preciaeljr tb* oanM for 
tho iitfaar, aadiiMntieal with that wu^uni fbc tho bos- 
UdIc. 

Motion of tJu Link. — The next step is to lay down a »uc- 
oe«aion of positions of tho link eorro»poii<ling to given |io»i- 
tbms of the (rank. The dimeniions of the normal link- 
motim abalt bo naaiiMd; and with a M4ti«h ocenitrie- 
rod, lha limar adTwca of tho oeeontHoi bas boea foaad 

to k- 1 ] nirli. L,-l A n (I)-:i,T;iiii-Pt:iii- IH,, (li,-. 1) Uo tlic 
eentru lino «1' lite iijutfoii, plj.ct;vi liaiiiutjitailv ; <, D the ver- 
tical through the centre of the axle o ; o B the position (if 
the crank ; and o a and o a', tho puitiau of tba ooeaDtries 
with m inch of advanoc, at ^ oomnuBomMBt tS the 
hank atrokoi and bb' tkt oom-Jiponding fotitmi of tho 
Ifab with Ify inili of edTanoa. Let / be tbofblennn of the 
Mi-iMuiIn:; link, its position being detenninc:! ir. Ih-' iiisn- 
iit'f a<iva<ly Jfstr.itiil , the centre of the link then vibrates 
in the arc cc. Divide the paths of the crank and of 
each eccentric into a nnmker of e^ual parta — say M f**^ 
a diatinct aoriM of dlriaioiM being made fer each oaewil fw , 
aodatiaohaiimbaiatothodiviaioiMiiithootdiror thodiw 
enkr notion, Brom 1 1« 11 Oo tho two Sd pohita of tho 
paths of the eccentriL-, n inrrt -, with the e<>centric-r»d 
as radiu!>, describe sLurt ciicsiLiii' oics in the neighbourhood 
of the l»l position of tlie link, as indicated on the figure; 
then the three wwrklag ooatieo of the link moM bo fmud 
•otBowbtra in theoo two are*, aad hi the m ««'. Tbia tcu^ 
dilin tm the M pooHion «f the link, and it nay be 
«l onao hiddowB with tho aid of a tmplet. No donbt it 
dugr ba kid dmra abo Iqr nuaiH «f the eoni|iaMa att to tho 



radius of the link. This ii, however, a eambrooa prooMi 
and UHullj inroivea more than «do trial befara the ptoeiit 
poaWflq h laeirtihiid. If • tnqte honadatatkaUat 
M', it wmj leadilj ba MMmmd into the true peiitiaB, 
and the Sd poaittea of die link marked S, 2. may thq* b« 
tl'.linrd. Till' i.\mv <>i"'niti'iii ]ii rr>rrn""i « ith (lir [-ill.' need- 
ing p.iaiUuius tlic-' «K4:iitfic3i lui' tltuw wf liuk, nnd it 
results in 12 poaitions of the link, numbered lUMes^irely 
in the order of a revolotion, aimnltanaom with thooe of the 
atwik. 1!faa lal and Ttk paiitioaa «l lha ifaik, in dack 
line*, eorreeprad, m tbown, to tbo lot and 7th of the 
crtink, at the oomraencement of the back and front stroke*. 
If the iwij < \tipiiic centres and the ends ( f t!.o lir.l.. in 
congeries of positions, be ran together into lines traced 
tlirun|;k then, at in the figure, tht'so lines indicate pmlaily 
the BOtaiaaBla of the pointo in ^voitioa, and thfj aia 
fsl ftr ilfantnting tho natam and oiteat of «ha Toitiod na- 
tion of tlie link at different points. The extremities of the 
link, it is obvious, have a greater vertical motion tlian 
points nearer tln' i-tiIit, iti i On- Ktiiri- iudf ha« only a 
rijte and fall dne to the ve'i«<>«i mm of the arc of vibration on 
the sustaining fuleram. It aluo appears that the are of vi- 
hratiim ««' tenrnaalaa in tho loading pooitiona 1 aad 7. 
Tb«o» posltiona erep oot at the contra ban amoiqjtt lh« 
uthcn, and bound the nintion of the link in that oeighbour- 
hootl. It aUo .ippears that the back centre of the link is 
constantly in advance of tbo fare>centrc. In shifting from 
tho Ist position to the 2(1, the fore and back centres, fni- 
lovriiig the arroirs. move to (be \»h and right respectiveljr, 
»o that when tho CDn-omtia haa baian^aad tbo loft ob1t»> 
niity of ita nwliea. in tba M poiftSaa, the baek-emtre it 
well on for the rii;ht end of its motion ; in c.iii>f ijuiiici , 
the position of the link is much inclined, aii i tlii' upper cud 
of the link, aided by its curvature, is considerably beyond 
the furr-centrc. In the 4lh position, the link is still 
farther inclined, and attains its maximum inclination during 
tho back ati«k«, when tlw enafc io at half throw on tba 
upper centre, and the oeeoatileB liavo attained their mail- 
tiiuni horizontal dircrgrncv from each <>l1i> r. Ik tlic 5th 
position, the link begins to re«over from iu ul liijuiu a» the 
back centre haii arrived at tho end of its course, in which 
oai jUMMuhood, of coorae, it timrda bat atowly, whale the fore- 
eentre, awviog towards iIm right, ia appMaehing tba aiiddla 
of it« eoura*) wbero ila piatrst horizontal ndooiljr if aa> 
quiretl. Finally, In the Tth position, the link beeenHo up- 
right when ftir I i-ank Inw n n 'Jif l llii- Inmt i r.'l -if its tlii vM 
Once again, iii itiv iktU pu^uiuu, iXie liijk t/vor, tlic btti^li- 
ccutro going foremost, and a similar series of movvincnts xn 
doioribed tintil it rsgiMU tba 1st peohiwi. In bri«^ the 
link ia vpi^ght in the M and Tth paiitiom, vban tba anwfc 
It paving Iba and amtrea, and it attaina ita gi aaiiat hidbia« 
ticMi in the 4th and 10th positions, when the enak ia on tlio 

U|i|><'r aii^i iif.d r n nlr( < 

PunitMi i>j tUt Valtt, — J r> lirrertiuy (-'tar. — As the 

block of the radius link vibrates in a circular arc, while en- 
gaged with the liak, we have onlj to projoet that an iqpon 
tha gHMp of poettkna to find tlio eonoeealiva poiilloaa of 
the block. To tnt\ the palhii of the block it is ucceaiUJ', a* 
a preliininaiy *t«p, to arrange the reversing gear. 

Tba £nt onditiaB ■ that tbo Mock ahoald vibnla n a 
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iMTHMibil Una, wImii in full fMr femid, «r its greatot 

©IcTii'nii ; .111 1 n-hmi in taifi gMir, or nt tlio tiili!(lli-- n;' the 
link u!i III'.' linri/iinUl centre line. These twi i xtrftut; 
viiiluii-i ari' HI l.'ri(9d, because if theconJilion i.i m.-i'lfl to hold 
with reipect to them, it holds Mnuibljr with intenaediata ele- 
valWn*. TIm graatwt elevation rc^airpd fur tho block ia 
ngnliUd by tba pnpoMd maufflum travel of tb« val?«, 
whieh ii, in th* pntiat txauple, 4} indies, ei^ual to the 
throw of tl:u tor. iitrlr... rii;il, l>_v iiH'WuroDicnt, till? [>li?o of 
tli« hori£.i^iit;i4 kuu t> 1', to iuum<ei the group of pasitiona 
orer a breadth of 11 iDchea ; on this line the bloek liiiui 
vibmle. On «, as a rentre, find, with the TtlTb-rod link t 
ndlOBi the puio^ <f in the horlxoutAl Unt; dnw «^ for the 
4stnB« kft jmitiaa of tin viJ*»««d JUk, and in tlie same 
wqr f nd for tht pamllcl iiaaitioii oa tin ninrne right. 

Set off the points of suiji- ri*u u I', and join them; tJ i- 
line i- i is parallel auJ tnju^l u> d /, Aud upon that line the 
|H>iiit J^ii-i ension mustTibrate; (/^i* nl«oe4|unI and parallel, 
and rtpr£ii«nts tho travel oftlievitlre. On AudftMCtOttcs, 
with the tustaiuing link as rudinlkdMailitaagnMllflf flldM), 
csttiag at i; thm k'mth9 fakniB oftiM autaimng link, or 
tlM pantidii of tlu «ud of rareninf tawr tt it» greatest 
elevation, .\gain, when - i;'. ;f -Mr, the Uotl >il nt.:s uii 
the horixoutal line e e at llie ciiitrc ; setting oil, aa Mure 
from e and c the poinu of suspension l \ i ", this point must 
vibrate on the line t ' k" equal to e c. Oa lb* etOlIM It and 
i'"', with the sujuining link as radius, find Mblfcra(lkl|mlllt 
i; then K mut U tli» pgntim of tht foknoa wfem the I.Wk 
Ii Mt of gear. Oa fli« tm pwitiinn Jl, I', m Ibnod, with 
the length of the reversing lever as radiiu, deaerib« two 
circular ares intersecting at i ; then i is the position «f IIm 
r(v< inj tli.-il't, nnd the circular arc h i', detcriM go 1ka( 
centre is the path of the fulcrum of the sustaio- 
faig link betwixt the positions for full gear 
ftmid, and mid par. To iluir that thk 
amngtmaiit b nmlMy eetnet br hiteintdhla 
elevations of tl.c- I'l.rV dr.w il.i- lln.: e" /" for 
half gear forwai J, ti^uill^' disliua fruiii the lines 
for full and mid gear. On as centres, 

cat the base line at /, y " and drawaa bclbn tba 
two corre«pon(Jitig (loititiaiis of tha valffMod 
link; bH «A' on tiiaaa tm lima tha fofail* •! 
raapaaiiogi k, k' ; and from k, irith ilio MMtatn- 
ing link. cu« tlif ir,- nt !/' f,_.r tli,' ful.-nir.i. 
The are of vjlnitiuu iliatiilitii on this I'ulfiuui, 
J, U.S.., f..ii.Mlily through both |ioints. K, K. It 
so ii4pp«u«, from the dimensioaa ado^d, that 
tlie position i A\ for mid guar, ipdiiwf below 
tiio ItoriMotal Una} tlua oinMaatoaea i» of w 
hnportaooB, oTOpt aa h mwr afbrt tho opofatitn 
of the link in back ^■< xr. It may, however, bo 
removed bjr lengtheiiiiig the reversing lever, 
fur which tho required length tnav bo found as 
fellowa:— Through i! draw a iunnnUt Una i 
*i) aid Uaiat ii^ and at tin point of Uaietin pnjoiit a 
|«irpaiidimlai;aM«laq|tha knifaantsl line at i"; the point 
« ii the aftaatloa of Oo aov morsiug shaft, and it would 
loquire a 21-iri'h nu rsing lever. 

Having arranged the nT«nii>g gear, we are now in » i! 
poahlMtodiCBtthapathafllwUoAiBilapH^irilli |( 



IIm Inik. Tl» naka a tapaiala example, let a b, fig. 74, be 
tito borixotttal litii', <; c Cue valve-rod link p the travel of 
the valve, the arc i i the travel of the poiAl of aosfooaion 








on tlic r'lii'-ruiii Diviil-i tlii^ urc iuto fuur equal segnieots, 
imd draw Uiv yuiuluii^ -J tliu lalvt-ri^i link passing through 
the points of division. Their upper extremities will be found 
sensibly to lie in a ciroolar an— • B »' , of a ladiaa ilioitor 
than the BostaiaiBg Uiik, and having Chanfeta * gnator iM* 
than tha aaaii^. Fwat tUa it affiaia aairii ai la all 
eaMS to tad aSnplj tho dafatim s of tha hladi kalf 
f ravel, and to describe a circular an^ 0 X «"» aailnwillg tUa 
point, fur the path of tho block. 

By this method we find, in the general figure, the are 
« far tlio path of tho Uock wbilo driven bjr the link. The 
inlaiaeetiiMn of tUi aiowith tho peaitkn of tha Nak, aia 
the precise |iaa{fitaa of tho fabakaomapondiag; HiiiiLlnB 
these poeitkoa at eentna, with the nlvo'rad Knk a* radn», 

i1k' itildrvj I,' _'/, lit [r-avi'l of tfii- vaUi-, Vm- itUi-rs<H-l<'i], tlii5 
pointa BO (onnd wiU be the eiraultaneoua poeitions of tho 
tdta^ In tka.aaiia n^rthahmml/^' auyrlw hitaf^ 

lion. 



laitssllissti 




draw 



Ue4u»««ctt fuf SUU(m»7 link, tto. 1 

aectedCortbe poeitiona of tiie valve in half gear forward, and 
«(/ fcrmid gtar. The TihntioB of tho Uaek hi M fMr 

backwards is also shown, from wbidi WO aaa that the an at 

vibration falls slisbtlv bebw the horitontal tine. Four serlaa 
iif [lusitiuiii of tlio v:ilvc art- aj>|iiTulrU gii si'|iariita hnee, for 
tlu! sake of distinction ; and they may be arraiigsd in 
lha flnmiar llmlj adiyiad te tha 
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mMba «f k ilagl* MMBliic; Thifatfouif fifuah ft, apm- 
priin three motion-ourT«a constraetad bota the poaitiona 
fband in forward gtar, and for full giar backwarda. They 

aro not of the syruitii'trical form whicll rc«ult« fr<.iii llji'UMof 
a siiigln Lviirntric ; and it t« therefore tieeeBsarf to lav down 
till- for the advance au<l bp on both sides of the datum 
line, tut the fnml aod back ftrokei. From tfaii we Uarn 
that, whk all ttks tliNe elmlkna of the block, the period of 
admiwion is greater for the back stroke than for the front, 
measured by the projjmss of the crank. No doubt, tlie cor- 
rections due to tlic filay of ilio miiniclin'j ifii riii_'!it ri v<'r^o 
the uMquality hero rrrt^irkrii. But, before eonsiiie-riog the 
effoots «f the conDecting tm\. it is expedient to construct 
other motion-carTea for modiiad mttn^/mmltt of tlw link, 
Ibr purposes of cotnpWBMI. 

InJUunee uf the Moi* of Stupfiuim. — In oor aeeond 
example, I'i;.'. 2. l'Ut« 3, we have the link suspended by the 
niiddle, as pr,'viouslv'. anil coa|iU"'ii If^-hinJ to tin' ro<iH. ut 
centres H iuehea opui, tmii ^ iuches distuit (rum the ecDtre 
line of the link, meaauied boriaontally, as indicated on the 
•mailer scale flgoM aMMM to th* dilgnHB. Ih« third «s- 
ample. Fig. 3, eontwDi all thaOiw asiitiM of MipiiutiMi in 

a curTe line, U'liinJ tlio link, and fiatallol to its centre lino, 
3 irii'lii s ajvirl l.or^zi uUllj'. The fuunli riLH-, Pig. -4, has 
ilio link MtsiK'inlnl at a point ll inches btiliiml ii.i centre 
line, the eccentric rods l>eing coupled 3 inches behind ; the 
point of suspenaion is. in this ease, mid-way betwixt the 
two poaitioiia awigned far it in tbesaogvd and (Ufd cases. 
In htut, Utt tlvN latt Mampln am cMnpoMd of n open 
link connected behind, TBriat'i<:i h hi'^ maiiu' ir. the jn ■(;*.;i ns 
of the point of euspcnsion. Tliij^ Uitiiccoce i& pbitil^ indi- 
cated in till' ili'vvinpments of the motion, where the nr« of 
Tibration o! tlu; Jiuk on the sustaining fulcrum, is de&ncd. 
A gencr:)! condition has been observed, that the are of 
vilifMiMi should, in aQ mm, Iw uipitif «m tlia falcrum. 
Id tliMt example*, twft MriM of poinls h»«» been Mnti ; 

one series ir-pn-sf n;!. tlio inovcini'iiti of tl;r^ <-i i;(ri>» to which 
the eceentne mdn arf aila<:luHl ; ih« utLtr .H--r.>.s shows the 
resalting motion <■( tlu' corri'sponding points in the centre 
Uno of the link, to which the rods are attached in the case 
•f the box link. We have thus a ready incans of comparing 
mRt«f tha •fHttoC theBod»«f n^ndiDg. Itaclew 
that, in Ih* 6nt ewi^ that of the hos Ihik, tha m&Sw of 

tin* I'l'iitriT i.i tlin i«impl-?Ht of all. It is (lirfrt from tnc 
t<Xtj:uU*ica, aitil ;;^iv»'fl Ti^c to a vory linjilfcd i^iittulitjf oS ver- 
tical movement — !':•-'< than | inch; and this is diminished, 
so far as concerns the play of the block in tha link, to 
■ft inch. In the second case, ahw, the vntiot matauiattt af 
th* link data not exceed i Ind. IntUaandtha previuun 
aaaa, fha Inilt u suspended on ita ami enin lina; whereas, 
in the remaining examples, where the point of sospension 
i« situated behind the aentre liae>, the vartieal undulation 
im»uv.u to 21 inifcti is tha tUad cai^ and M Indua in 
the fourth. 

With raapeot to tha genanl wtllna af thaw napi of 
nalion, thajraia aoaawa tm bath aida*. Ihamlk th* an*, 
eavitf, eitaraaHjr, la aa nmAj iMdantad hy the entTatdi* of 

ih'j link, as to render it nearly vertical, and less susceptible 
of modification than tb« other aide. The ramoval of the 
•nil* «f atiipnriOD liaa tta antoa lut, hta w ahtlaw 



tondnair to^riohan Aa tiMa anmtoM oftlia %ittK, aa in 
the thiid eaae. TItia results from the link bc^I'ni^' fomarW. 
at both ends, to a greater extent, the more tb^tl cvuin 
ill .•iU.--[K ii^iiiii !t< r, tiiiivfii l>a-kn ariJs. Ttic convex outllna 
of (he ^jptm IS but shghtly aii'wted by ta/Ai Alterations. 

To oonstmet motion curves for these ll^urw, tiic icwrsicg 
nadiBBiam ia to ha arnagid in tha naaner aJna^jr patoud 
aut; tha aanw iinail dlmtniiani bafa^Mnmcd, it h man. 
ceasary, for the present purpose, to repent flio operation, as 
the path of the block will be the same r,< m th- l1i>t c;isf. 
l)ra«' tlio liLvs f a:ros9 the fi:;nrf-? liori/onl Jlv, ami +J 
inchos lonj;, and upon them describe the circular ares in 




, r-i « 35 — ^ — n If, 



(lie path of the block ; roid-«Biy above the horisontal centre 
line, draw horisontals, with circular arcs, for the paths of 
tha bieck ia half gear. Xha notion curve*, derived fiaoi 
the second and third •sanplia, ar« ptimd together in 

I P'l'. 7C>, in dark and li^lit litiw ri'?[H-i-tivcl_v ; (In* natnrw 
of the changes eaiued by the shifting of the centre of sus- 

pcmiai ia aawpiaMai--nat antyiathatninlarthafaiiw 
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muaaujsi at hoaaiKmna. 



Wk ttrak*, bat the penod »f adnlnlM b iIm hIumI far 

ihis frutil jtiMk? and Infrc-.iseJ (i;r tliv lnu'li slriiki?, Firallv, 
the motion curves for the fourth e)ia(npi«. Fig. 77, in dark 
lining, indicate perkxla of 'ndniiwioo, ranging betwuU Hum 
for the siieoadiailtkird IVom tbaw ptaeigailiMM, 

it »ppcani thai A <M* mgr b» wuii Mt far wtiMiihing ■ 
link motion, which (Itall »fford equal periodt «f adniasion 
for tlie front and back atrokes ; finding, m we hare done, 
tli^^l thH^l^ are oontrollod hy the positidii nf the. BUspenJt'J 
centre. liy a sf-ab 1U(( parts, af^nded to Fig. 7^, and 
IfUDcaiilG to iliL' other figurei, we find that the motiou- 
•WVM jfiaU the following pniodi «f >d mi wiM i, i 
kf Ih* htlilOBMl progreta ff tiM 

kudndOt fvto «{ th> itni*.— 

«KJIllk.«l«-Or] 
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ttnkt, te the fnt ox, ud th« Imt itKilnv in tlw weond, 
•teit the gjiutfr quantity of sleani. Tlie p-riuil^ &f a-lMiis- 
■MM, in the two rasea,are merely the saineijtiaut,iU4ss simply 
exchanged. No. 3 cootruts with the prcTioiu cases, by 
dM atmm tM^naliij of tit* •dminioo, tk« difftmuM 
auMMfav. iBWff!iM;toirp(rMat<f thutralHL Ito 
4iff«mie««, lik« Aom of tha fnt mm, pnpmdent* is tha 
hack atrake ; and thU ajmilan'ty of the two cases it due to 
their centres of suspension and ronncirtion raii;;iiii: in one 
eentr»-line ; notwithstanding that, iu the third case, the 
liak ii overhang. The fourth case ehows qoantities ranging 
bi tw thow of tlio two fWw Ji im ouot, taitabi^ to the 
fntomdiito poiitio B of tho nutidoii^ muUo, 

InJIimiee ef tin QmmmUmy Sad. — The modifications doe 
to the angularity of t}>e connecting rod, must be ascertained 
lioforc * pract'cid .-rTr.jiarisDii can lio rnado of those motions. 
Tho following table of correctioitN 1« cunrfnifnt for this pur- 
pose. The first two oaluBina couuin tho diituncfo of the 
(liitw bw tlioaiNi«Mm«irt of Utt tuoke, ia peieaitacoi 
of the whole stroke. The thne Rmtiiniig eelmiu cootain 

111'? rorrc ct'oni, also in percentages of t!ic stiuVL", dne to the 
collecting rod, when four time?, sii tiiuta, and eight tijses 
tho length of tin.' crank ; tl.c^c corrections are addiliTO far 
boot atiokaa^ and tubtrMtivo for book atnkaa.* 



* This tabla h cenalnKtad b yeaesaft ha 

in irliicFi It is the naniber ef ««mM tH»l ihn nrnBorims rod conteSiu 
tijc Icn^tti of the crank, ft the ilistjincj of th* [/isioii fram the tmiddU 
ai Uu Mn>lte, measured by the bonsontal praipiiiia of tbc caaok, r tlia 
lateorl^flhif onak, aal •dweantenoa. Tbefimlaiid^ 
lMftMlh»ham|im«liieflfl«ht<aii(led Inui^ 
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It appean from this tahdar atalement, that, with reCer- 
em to tba fint four caaeay bmt aitdar noUoe, the admio- 
aiao, far M and Bid fHt^ la liai lUlatoMdItellw tluB 
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fir kalf b ftdl and mid gnuv tti* lievliMtal nction 

cif till- iT-iut an l [ i^t n i? coinpiknitivvly slow about the 
pu.m.5 cf suppK-ssii'ii, as t!ii»»c poinu occar in botli easea 
toword^ till- I ii.l 'if thf stT'iVf. In h:itf ■-'-^r. llir "iijt- 
prf!i.<ii<i;i cocnn io the cciglibourliuod of lutlf-ttrnke, 
wiici: -tic pisti^i balMmt its niAxinium vrWitjr. and oonse- 
fiMQtly, iLv 'nnw mv»et tffMt tk» ntpfnwim to a gMatcr 
•xtflBt. Tbt' >u{'{ir: yiian in and gaar, >■ it neam nwt 
r.' 'irly to t1i-< cfi.d of tho itrokp, is tli« niMt ststionary of 
ail. W itJi Liik No. 3, for iniiMic*, the diff*rM)fe of admia- 
eioii iu fuQ g««r i» 3j jfr .it. ; in half gear, U per wrnt. ; 
anri in nii<:! war oj'Iy per etnt. In other cases, the oom- 
penaaticM yit Mt J l>y ihe ooonc«ting roda, todiy rvncUr the 
aduiimia pnetiallir aqiuL Tbt ejitnUn of tlw mds >* 
wall ahowB wiili N«. 1 lint, «li«n m Ind dnt, in <ln fint 
plaoi", a +-leri;th rfifl rritir*!T ovmhoota iho mark of | 
M)iiality, as to do mmv tli^ii iarert the <liffcrviint. Tb« 
6-leiigth rod also overshoots lh« murk of fqiiality, hut to a 
•niulU-^ extent. Tb« 8-leiigth rod still eiTucts ao inversion 
of the inequality, ttoogli so verj slight as to reduce th« 
diffgrmM in full gut to If par mt,, in half gnr, (o 
i par e«nt, and in bM gatr, U» t cant. Thia la an «x< 
ample of a practically Correct link-oj'"''' ii, - i in' t as 
to the cijuality of the adnii.'>sioi)9. A|^aiii, w.iii ISo. 2 
link, <he alterations caiued by the rods, merely ag;|;ravat« 
the differenoea already existing in the uiution itself. It hai» 
already been nniarked, that the (iMqaalitics due to tiiia 
link, nanlj ainpla mfaiaiana af ibaat af the fiiat link : 
■nd tliw, wMa tha fcaok ativlta, when unaffected, ha* almady 
per ent. less admission, tti.; ililT. ivin'._ is r:\s.-:] t<- 12 
per cent., with a 4-lengtli rod , aiiJ *;v. n in rni.l ijvai, Uib 
abtioltitv difTcrence li raised to 9 per cent., uui in lialf ^ear, 
to I7i per etut. llia^gli tlMao itaalte of No. £ link are 
onaatialiMtafj, tilbianavafdMkia natandaH plan of sia^ 
Hjriipic, nmah amplojad an Maaont af ila ataqdltitj aod 
eoDveniraee, in spite of Its m)«qiikl a«t]«a «n tha ffiitrilntion. 
I.ii.l. No. 3, like N I. 1, .-- Itiiil-i lui <\:i'M of steam for the 
Wk-stmke ; sso grui i-< tint irro;;uUiity in half gear, thai 
even the eorrectioof I n tu tlai-length rod do not reverse it. 

It ia obvioaa, from tbaaa «onaidentioa% that tba t«rm 
* linb>BMiiao/ duH^ tadutlanlly it oaapnlmda aidniieaty 
ihe *al*e-ge«r— yet virteallj it ineiadta all tha mcdiaiiiiin 
that intervenes the piston and the valve, inaemiieh aa the 

motion of tlic viilv. itrives its quality fniiii il* n liirii ri tn 
that of tits piston. It is, therefore, UMdess to spi cuLtU bii lUv 
IMrha af It link-motion, without rvfrrcuce to the pmportions 
af tha pialflo-aiotMO, and all diifinunt «if TalTe-nwtioa r»- 
btad ainpijrto thanMrtienef fhaanaiiaMantjaettoaar* 
nctiom for the afliMta of c«nne«tiiij; rods uii the morcioent 
of pistons. The etaodard link-mutioti. No. 2, gives a feasible 
il'.i^tnliil mil in Ii.,lf -iiir. I...ih,' I'Ut i] |Mroi.t. in iTtcess for 
lh« irufii sslruke, irresp^iive oi the oonnecting rod. A 
G-length rod, however, upseta tliis jaiaiiiMm motion, and 
tiaUea tlie ezoaaa. Baferring ttiaaa paMtnti^ t» a 24- 
ineh ainhe, tbe txeeaa li, in Hm fint caae, lV\r ladi, while 
in the second it is Si iiivhrs. It is appuniil, also, that, as 
the influencA of tlie connectini; rod varies with its Icneth, 
tlio Inik-n'.Htii.ii nir.it Ln' eiwcificallv adr.jit-:"] tu p.irtii'ii'iir 
case*. For present puipoeca, the ^laiij^th rod, au ordiuary 
mugt pniMMtoD, win In adhatad to ia tha annmaf tha 



followiRf IHoitntiaBa. Tha atita al Ih* diati*»llaw fa- 
half gear will also, for the preeeot, bo akwe eiiii<Mrr?<), aa 
when a notion is correct for half fjear. it is eomiivmly but 
a Irillc wrun; for otlicr eli'vatioiis of tht* lilin-k ; ami, l)i".i<liv«, 
locomotive* are nmcii more bTqucmly wuikeJ in ijiLli r^tiir 
forward, or ther<*U>nt«, tban in Kill jrcar ; and particulaily 
so at high apaada. Whan tha idiaiatinB fur tha franMtnka 
is ia anaat af that liir tba hach<alitfa^ tha tfiAnaat will 
be viewed as positive (+); when t!iut Cor the back-alnka 
is the prwiter, the difieniice will l>c lui-atiro ( — ). 

T7»<M,tii'.' l lJ /Ar><i Trith. — On n virwiiii,' tln^admiasioos 
iu half gear, for ^tos. si, 3, and 4 imk.^, uitli l>-I>Dgth rods, 
w« find that the difference for No. 'J, f«^itive, and for 
No. 3, negative. A* thia variation ia daa aolaly t« tha 
diflenot positions ami^ed to tha antpended emtn^ h ia 

clear tli.t the cititre i.i tiM> far f nw.in! in llie tlr-<[. niul too 
far Uuili lix litis &ttui.J, ajid itiAt tJitru js, ituiuj'uiu, wine 
Inlermediats |iosition for the centre, on which the diffemiee 
woald become nothing, and (he admissions equal. Accord- 
in-:ly, by placing the centre of su*p«nsioo 1^ inehat btUad 
tha cmtn lina «f tha link, or half vigr hattacaB tha aitnmaa^ 
aa in No. 4 Ihk, «a find » reduced necatlTe diferanea of 
"\. TIte place of the centre iti N i. t. is tln ri pbinly an 
approximation tn the ijeutral {W$iu<>i4, mA the dilTrrutice 
is ne^tive, this neutral point must lie nearer to the centre 
line. To avoid tha lahonr of making additioaal trials by mjr 
of oppraxinatiait, tha ra^oired place may at anaa Ihoad 
by throwing tha laaMtttaiad diflSutMaa bto a curve. lal 



as, Vig.li, ba ■ 



long, to repntast 




tiie extreme diKlance of tlie centres .ielecte.1 fur Nos. 2 and 
3. Then k and b an tlia positions res|*ctively of the 
•eatrea in thcaa twa caaaaj and Q, midway, ia tha plaaa «f 
the oantto Ibr Ife>. 4. Dnw parpandiealan ftwn tha potnta 

A, ikr, upwarls in the first instance, and downwards in the 
other two, to represent tho respective positive and negative 
• lirii n !i ■■ - tnalunf; Aa= 13, Ill = Sf, and cc = 2i, measured 
iruui any scale of equal parts. A curve line so described 
as to pass through tlte extreme points o, b. t, will intersect 
tho datum line tt tha neutral point x. wbieh ia the rai|airad 
pooitiaa of tba aantin, and naaHina IiV fn«h htm lha 
centre line of the link at A. In drawing tlio nirvn it is 
of course very possible to tind a dinVrcnt curve, s%hii:h shall 
cut the datum line at another point ; the relative positiona 
of the point! a. >■ howarar, indieate beftmhand tha ganaral 
tea af tha cam whiah oo^ to ha adapltd. 
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To prat* (b« gMtnil trauMy oT tbii Nwil» of findiii; 
}>\ itirivi truiN tin' DiMitral centra of sufpeaaion, couatnirt 
iliv liisgnuit (tf motion, Fig. 3, on tbe disgrnni-l'liitr III., 
with the link motion nJicd for th« oihtr diakgranis, and 
iMTing the link anapeihltd M 1^ inch Ubind the centre- 
1ia«b Mul dmriop* tin nvthn^niTM is the omal way. 
Tbmt «• dMrn^ fat' B>m «n F^. 17. which alnady 
MBtaint tt« evw for Vn. 4, iriA wUeh in many pl»«es 
thoy ruineidc. Tabulating tho points of tii|itiri'fsion, as 
done in the 8th tablp, an<l «iip|tlyinjr tho oornMtions for 
CMUieeiing rods, the duration of the admiMion derived by 
m«tMumBnit fnm tho onmt^ dow not differ abovo i ft 
cmt. in Mf gMT, » diftdnneo ifan t» uiall nma. Tbo 
fink so hung U thus practically correct in half gtw; in 
fall g«ar it yields only H per cent, of poaitive diflmmce, 
and in mid gear 1 p. r cfiii. ut" tii-.tii ivr :l:ll'.-nnce. It a, 
therefor?, Sensibly ckirrcci., for every practiciU nap, with a 
C-lrngth eonnecting rod. 

TUs Bcthad «f thno triaU is of courw «|i]iKuble for 
oUht laigllw of rod, mi other proportion* of valv* g«ar. 
It It not pni|Meed for the purpose of rapersi-diog the une 
of tlie modet, as doubllc«i the model, wlirii once made 
«ith .Tiui--t:iblr' {■riilre'', is iiMr'! convenient iVr im i^^tiL'jtiii;; 
Talve iiiotlou, at least with the object of tixmg u|k>d ilic 
<oat(Oof suspension. It haa been shown that with given ;< 
|oiii|« «f canBOotian tetinn tho •otvnttie^ndi ud tho 11 



Uik, • MMtnt potttion may b« (Smid for tho 

eeiltre. C.ii:v< r.Ht-ly, we in.iy tltiil, fiir .1 .nven eeutro of 
suspeniiii/u, ilii: ututsiii cinlics uf cuuikction with tlio 
eccentric-rods. Nog. 1 and 2 links may be selected as 
examples for this purpoae ; and we find that No. i, COD- 
necteil 3 inches behind tiio eentre-lim, yidih » jioiitivo 
diOoKoeo of U in holf ftor; ami Ibi 1, eonnccted upoit 
the emtre-lijw shows a pooitivo differeooo «( ii per cent. 
No. 1 i«, thus, a more favn;i.-il !r arrange'lHci) I i!i:iti .N' ?, 2, 
but us the dilTerencce are twth po«ilivp, the neuliAl entires 
of CDunortiou must be found iu advance of the link. It is 
Ihoo BMMMTjr to nak* athitd trial with the ceutraa ahifM 
to 00010 other poHtiew to eomplcto Aoaomborof thnopoinla 
npon which the curve is to be OMitnwtad. 

Tii ffemral In/lttetict of lit jMii m tkt DutribtUion. — 
With respect to \\m oili.-r [niiit- oft'i,- .llHtril.iilioii tiLi..li H 
that of suppressiou, miA iirst of tlio rcieose, when the valves 
are ri<:lit for the siippreuiun they are n«f«r Ihr anijiB for 
tho idoaao; and it i* miSy «f nnall inporttBM that tho 
kImmo ahoidd ho atriotly oinoot in tino, which afbots iho 
regularity rather titan the tttrength of the bla-it. .\g4iu, 
the points of roleaso an identieally the points of compres- 
-i n : ir l^ii- .lit' raativo Jtrukef. Tho following t»! r mi- 
\m**^» tlic iii»Uibutiou fur link No. o ; the pooiiions being 
measured from the beginning of the «trok«, off thai 
otirtrto, and oomoud {or a 6-l«i^b lod:'— 
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FiDtn thia table, dw aeeond part, it ajpfioan that as the 

period of admission is rcdu«cil, tho periods of pre-admission, 

fXli.iiiHion, (xli.nisr, i.iiil raiii[iri'.-^^iiiii, an' i:irTi':i>'i'il, 'I'o 
«lww by a curve l,ow expansion varies with admisaioo, 
take the mean periods of admission aod 
tho front and iMek atrokeih aa under:— 
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Taking the base-line a B, Fij. 79. set off upon it the per- 
centages u; ailni;!-sion. a:id iiraw nr iiii.i'.os fqual tti rliu vu.ais 

of lb« «iji«n«ion» ; the curve traced through tho vxtriHUiliiM 
of th(w«fdHiilM,aB alnadjdoMforthoMwof ai 



eccentric moiioD, shows how expansion 
»iMi is diULuished by tho link. I'iii* 



aa admia- 
it vifttiaU/ 




identical with that for tlie sinslcveccMitrie ntolion, Fij. 63, 
! witlj the s«me lap, leal, .ind tr.ivil, — ili-i ti;v.i'l having 
iu the two eaaee, the maximum and minimum values, 
taAt§ ioAm. Vfhnm il affean) that naaliMt af 
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tm««l by s tingi* l uu M Hi i ^ aid ^ ik* 

•etual Taiuei bs iollow: — 



Uuk, 
Oanfwvtl* 



M Mint* M i* dw |NtiMB<M» 
U Ctimd iMnr, dMqglk at M 
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tABLli N<i. Z. 

COMPAPATH ) TAIil B or EXPANSION BV A flNQLB ECCENTWC. Alf D 
BY THE UNii-MonoM No. 9.— Ltr. I iircH, Luo, A ixm. 
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Tbn taU* iadieatM w •trikkgljr u Utoti^ at aeliea 
in th* two MM*, w to pn*« Aat tU tmfitmM wOfwi 

tame lap, lead, and tariabU travel. 

Variation in SfoJf of Su^miion. — The ioflunin) ofrari- 
aitoD vertically is fxliibil«<l ia licks No. 6 tad 7, fi^>"^ 
iB(lMPIate,iui<lii«(Mla4iiitlMtaUtl(o.8; tbe/MSMck 
■MlWDed by a pohif ia Cht notraJfaM 8 indifa ikaiw tlw 
Wccntric-rod cn.i, ni'.Ii 21 i:iL-]irs lt'!i;.-, an.! (!)■ y yield 

die uin«Xod muli^iu t.'WV(», kmu wltkli lh\s dulA hi. Uio 
table art derired. Tlien ctrilcingly illustrate the inflaenve 
«! ttu a«d« o£ lUf CBsion. No. 6 uwlui a pantito diflk^ 




mce in half-^.'sr, i f ii per c.:ni., uliii-li for a 24 inch 
Mroke, is 5} inciies ; Ha. 7 lias 1 2 per csnU ol diSerence 
in half gear, good in com|i«ri«oB with No. 6, bat as bad as 
fbanant of Um othaia. Tq appiy tha motliod of tluaa 
ttiab, «a find Nea. T and 1, both eamioctad on t&a oantro- 
Um, yield respectively the poeitive diffefin'i'.* 12 and 2J, 
indicating a neutral eentre of auspension lower down. The 
link Nu. S, a \)-iuc\i H'jit^uninj; link connected lower 
on the c«oirt!-liup, at 2 iriolicj above the lower rod, jiolda 
the distribution in the following' table. 

Aa thia tUrd trial jmUm, wlum aacmtad, n fmkdij 
tna mtiia, flaia ii na aaaaiian Ar fbttliv i«««it4»tian. 

Hta. t and 6, HuStlttimm It od 
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Firiilly, tli? open link. No. 9 (■llagram-Plate 3), sus- 
tained at the ujtptr end, 3 iaehes behind the eenUt-liae, 
yialda n dlli w aa ia half gi»r of 1 7) for a 6-length rod, — 
an inpntaBant an ila na i g l iba w Vo. 6. tkmdb aliU aa 
great as to Mtdar a noatioi anpMtiSoB onoKidBaUa ta tlait 

([Ujrtfr. 

X#T«r.— The fulcrum on which the link is sustained may be 
placed aiMw tha link ; lb* raruaing lef«r, in like nauiaer, 
may ba plaaid alww dia ndtaa Unk. Tlioaa wadidtiathnaa 



Tha darttofsnnta of tba aw^Mmnta of tha atatioaai7 

link in diai-i^ni Pljte 3, rosy f r tim purpose be a^in 
referred to, fur »/ we conceive tlie sy&lsui embracing the 
eccentrics, rods, and link. \a> b« inverted, the link nuiy tlltn 
ba viowad aa aaqwdtd booi abore, and niouoD-carvaa 
m pnrioaaty, Abw, tba ndio* link and i 
wiikMaaiiaittTailad: inda^tkaadaiitari 
akm b at oneo p ta d awd by taTorttflg tha airealar afewhidk 
represents the path of the block. 

First, suppoaiog the reversing lever hung b«:luv>, as illus- 
trated, and the link sDspended from above ; be«ome9 the 
fo t a-accaattk, «| tha b a c k a c awtrio, aad tha end of tha link 
not tba Maim, haeooMathovppir and fir ftoaftar. Tha 
crank, eccentrics, and link, also, pass into tha potitiraa 
1, 12, 11, 10, fee, successively, in fore-n^ear. The oircn- 
lar arcs in dot-!ii:ti. .ipplmi H. p:inirily ti> Ki;. ">. f .r tl.e 
sake of avuidUng conrtuton, may b« u|i(ili»4 to all the ligurea 
in the saina muar, ibr foil, half, and mid gair { and fiaaa 
thcaa notiaiMBrNa nHf ba onaatrmtad. 

Socood, If tha laatailif laaar ha flaeadahavaOahari- 
zocital ecBtn-Baa, wUlo tha Bak ahm, ia aospaoded fnm 
above, th« eoeentriaa atill aidMOga theif fiuationa, and area 
aa applied in dol liaaa la F|§. i, will i i n i wt i il th^prtba 
of the block. 

Third, the roversbg lever being above the 
and tb« link a o a ta iaad fron bahnr, tha aaoaatriaa i 
their ori|;inBl hnatiouh and tha dot ourraa hi Fig; $t ariM 
i«|n«sent the paths of the block. 

Applying the curves to all the figures in the manner now 
indicated, for tiie tlih-i! i';i.<. i Ikti- stati-<l. and cnn'irurliiii; 
motion-carves from them, we find the admissions in tha 
following table as the resolt of tliaaa oonldaaitiana, in half 
fear and with a 6-langth md. 

Fran tha taUo, tha (bDoving gtaaiai tafetanoea may ha 
established. It dearly shows, first, the influence of the 
jKoition of the supeoded centre (A>mpariag Nos. 2, S, i, 
aadS^it b |lahi that ondiranjnnii^iiBMntaf tha olhir 
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WHUiCE THE roLUOTlKe UUmUUICC^ tN vmCB TBE USKS .iU 



N<K 1 






- It 


+ iJ 








+ SI 




Ko. i 


+ 13 


+ ?! 


+ 10 






+ ot 




~ 91 


l\ 


So. 4 




— fl| 


- 4J 




Ve. a 


= b! 


12 


— 13 


— o\ 


So. 7. 




+ * 


+ 4 


+ '■>} 


H«.«. J 


+ 24 


+ ts 


+ iei 





eentres, tb« rvmoval of th« c«Dtre of stuperM ni townrd-i iti« 
(triktiigiy <l»pn«ntM Ui« vals* of tb« front admmion 
irith Mktin to tlw bade. Tbai, ta qMto frton tha fist 

I cf differ^TifM, we find — 

Ko. afUoka, 2 S 4 8 

+» +1 ~H -«» 



Second! V, m ttio cmtre of anspennon is shifted npwarda 
iu the centre 1iu« of tite linJc, the fatcruin beiag below, Uio 
rrlativo value oif tbo frwfc tiaSmSm It niiad.. ThiUi in 
th« fint column. 



B<u, Ha a. 
Sift 0 



Ma 1. 



Uo,7. I Open, No. 2. 

4-is i Die +n. 



No.0. 



Niin-, hm we find tlukt it baa re4|uired the centre of ra*- 
pensiuu 10 be removed 3 inches, in No. 8, below its position i 
in No. 1, to catise a difTerenco of 2} per cent.; whereas & 
MoioYal of S inches boritoDtaliji emvtrting No. i into No. 3, 
CMM • diftnBN of bom +19, to— 9|, or UiUUj Slf 
per cent. From this !t appears that UiO wiimiaion is much 
more Mnaitive to a variatiou of the centre of suspension 
l:ciri?rii!tally. tfinn to a v<Tli'-:il ti;in5jKi>ition. 

TLinl, tlic n'Oioval of (he ceulres for the cccentrio-rod 
onds, horizoiilallir towards the axlv, raiM-ii the rclstiTe value 
«f tho ficoot adaiiiMB. GnnpHW Not. 1 and 7 awi 8. 



Poorth, it follows from this, that tho hodaoBtal rerooral 
i)f tlic rtr<'iitri>rvii iMDircs tends to neotralin Iho cS'erts 
ui remoTiog the ci-r.tr« of sitspension in tho same direetiw. 
The iaftMMBof the hiur is, howoTer, greater than that of 
Um tuaavt m wo fiod «d ooBjariag Ifon J and 9. Ir 
Noi. 8, tlw oMhw «r No. 1 an aU tfuil^ MHTCd tMWNb 
dwada^ KlHr we find the iwilt aa fiiIlo«»— 

Mo. af LU% 1. a. 

in whif'li wn fiiid i!iat tlu> iulTiu-ti '.- .if tlio pcritrc of snapen* 
sioo prt;puniJ«rat««, iu dcprcciaLiug Ui« reUtive value of the 
front admission. 

J}«oid«a tJuio fMOfal nmlta of tlw tnflaaoea of tho link 
amtna, vhidi aifMn t» omMrnlo all oOwr iniiwr ia 
it ta oliaaml af kcal lailwaMa of tlw ( 
lofor, that, 

Fifth, when tl-.o link is Imiic from iilwvc, tho rtlativo 
value of the front admission it lea tlum when the fulcrum 
is placed below. Compare tlw qoantitiea in tha lal and Sd, 
agd in tba Slh aod 4tk ooUmna. 

Sizlli, tho inflnoBoa of t&o poaitioii of tko 1am aim** or 

below the centra lino is not so well iii.irl;>"il, as it afTrvK 
the relative v.iIims oI tin? a.itiiissior.s Jid'ercnU^' ; ita tatil 
c;Ti.cl IS but trillr.i^, and inav rtadjlv be over-ruled bjr other 
intioences. It may be added that wImb plaosd aiwm, tlw 
lever ;yield« ahoftar adaiaiiot far balli alMlMa tl 

An of theoB oomtoainio may be explained by an i 
tioi: of tliD Ji.i;;rani5 of motiou ; the main influenee, and that 
which has more to do with the relative admissions than an^ 
other circumstaoer, is the special vertical movement of the 
liBlct]iMol»netora««M«b Blade of auponMoii. Thoitady 
of tlwo* vartlaal mvfaoMBla ia mull fiMililalad tha «ma 
■bowing tlw watinn of the pointa in tlw eentre line of the 
link op p oo e d to tho eeoentric-rod ends, introduced in the 
figures. 

Tho lenj^ of the eocentrie-rods is another element wbiell 
iuHucaces the distribution. In general, the shorter the rods 
tho nnalbf art tho admlnioiia. Dntqual 1^ on tho front 
and hMk fada of «te taK with aoitaUa llMar adwHia ftr 
the eeeeotrics, an Bitaaianally anjdojad Jhr afsilliiag Ha. 
distribution. 

A link inctioQ (with suspended link) which yielil^ jn-r- 
fectly c'iiual admiasioos and expansions for all tlie noiohM, 
has bei'u urninged hj Mr. Gooch, fur tlic Urr.'vt Britain and 
of laaoaotifaaiannittg on tho Qnak Waatan 




Bii44rir'- 



knK«l(r— liB. ■S.mtx^SKiee.l'ieiL-ni.lHfeaSS.MIlar-Hrs 

Leiil. I IL-Tmrd la >H aoltk, «i 1*. 



Bnilwsy. The aa^andad liafc-nwlian, with the shifting 
n^aaJink, was, wo bdiovo, fial auturod and einplt^od fay 
Ut, Qooch, in 184S. In thia mollaB, Fig. 81 , comptato 1^ 



la Oa dhtillMrtlaD, hH, aJkw 
Aa opoeianj am^god 
fw Ifct Qm* Britain, ^ htak ooetntrio^ad is nwd« i inch 
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longw than llie foro-roJ, xad the suipendei centre of t\t» 
link ia dropped 1^ inch beiow the centre line of the motion ; 
the ejrlinikr is 18 hj 24 iocbea, tad the conneetiog rod 
7CMik4c»or7timwtk*lnglhaf tiwcHMk. liktob* 
ntMiked, abo, that the teewtrie-mdi mn tHwilMd at 

3 inches behind ihc centre line of the link, while the oentre 
of Euspeosjou ia plac<iii at ii iacbes. The pcculiu- feetare 
of the motion lie* in the rektire poeition* of thwo centraa, a 
OMtitr <» whi«h BoUun; iinUHr nm nquiiw to to 
To Mi. 6«adi tokqga Um merit of ham erfgaaUy ffn- 
henaed tba liittw «r llib lUlM «t •Sjutnt^, Md ot 
appljring tl fai kill limmMttfM; nd \f tmX^Jmg H wtlh 
the other iiicctio* alroaiiv nicnti:iiK-J, li« h.vt smcc'livl in 
turaing out a perfectly tocteei sfsttm u( valve- niotirn, fur alt 
degrees of admiasion and espaDsion in fore-gear. The Great 
Britain ei^g^ wm at fint fittad with Talna of 1 mk lap, 
4lB(A]Nd,aiid4tlMlMtMfil,iDllwjlntMi«dii ttvaa 
wHIi th«M propoTtioaa tlw n/fm vaa enplojed in the 
Ksperanenta on Besntattea for the Gaoge Commissioners. 
DceirooB of increasing the periods of oxpantinn. by eatting 
off the steam cariier in the seveial notclics, while ihs points 
of release were nearlj nnaltered, Mr. Qooch increased the 
lap to li ia^ and Mdaatd tto laad to I indi, Bj tiiia 



alteration, the action of llio engine Las been greatljr improved, 
aa the diagfaiBs taken from the ej'Iinder (Diagram-flate i) 
w3l aho*. Tha diatribntioa eflbeted Ihia Ta^^^r, 
Bfidar tbsa* tm sgodUiMW, ia ohibitod In tha IUlmrb« 
taUa:— 

TABUS Ne. ZUL-TaZ DUnUBCTtOX lOR THE GREAT BIUTAW 

uam mnt nmi TauMiut okm w p n iol nuom 



cyiMK, Ukr Minimi wtetiafct-. ' r n. i> kjr t litel isana 

tWI, IS hj H adM| OannrliBt M, ; hit. 


Vokk. 


1 nKk rnHMr. 
— X iorii tauJc 


DMMte far rNBl u4 Bwt 


Thnl 


Port cfMtu- 
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Tra Lnot-mmo!!.— Tna SHirrwo-Lixt 

Li the shifiing-link tnotiAB, aa (ha daa ign atinn implica, tba 
tveennng gear operatM «■ t]» Kokt Igr *UMqr H wtioally 

upon tiiD bbcV, iIlc latter being confined by guides to the 
csiitrc-liup of tl.e val»e-motion, as indicated generally by 
the annexr.l centre-line diiijrani. The use of fixed guides 
for the block ia optional. The radins-link is employed in 
aofaa sngiiMa (aa Faiibaim'a), not as a radius-link, bat as a 
mattartf ammimnt, to psmit af tlia bloek Iwiiv 
peoded. by i<a«aimy Unka, ten Oa Mkr « etbar 

fixture. 

All the (iimcniiotis and lilenl refieimiesa of the itatiim- 
nrv link-iuutian, dijieaawd in laat ahaftoTt na latainad in 
the motion befurs us. 

YariatUM «/ £««/.— The vertical motion of the link, for 
ttoi^galatiMiaf aifuamirarkifligitalita ylaMnimd tto 
twodiiliMteairtnaor <baeeanttl«a; dtoappwaadaffha 
link turning; on f ^ccenlrlt, and the limcr end on the 
back eccentric. Tlius a eompouud radial moTsment is 



ca.ise:!. the pfouli.irity of \\\ '-\\ in, as we siiall presently 
see, that tba lead neoessariiy Tu-iea »ilii the degree of 
tt|«llliea: the gmaler the expaniion, that is, tho leas the 
adBMiaii, tba gnatar, alio, la tha laad. Ibia la an 
Jarimu can^tMOtbat it ia ananMeh la iniapanUa final 
the motion of tba ahiftiog link, and tho taoat that CM ba 
done to reliere the objection, is to eqoalise the Tariatfon 
for th* fnmt iitiii sitrnkc..". This p.-iliiit ion is most 

simply applied by curving Uie link tu tli« ra<iius of the 
eoo(Otri«4«d, eoncavely to the axle ; as, with all proportions 
of mlva^aai; and with tba link ao annad, it la lonnd that 
thavariaSoo af liad la amiUyaqaal Ibr tha Aanil and toak 
strokes of the piston. Thus the curvature of the shifting 
link inclines towards the axle, while that ef the siupeiided 
link liniJ^ it5 centre towardb the Tiilve. 

To trace the a'liuii of t)ic !ihiftiiij liilk upon the l(«d, let 
A B, Fig. 8S, \>K llie oriitr<-line of the link-motion ; CD, a 
Tsrtical thioagb tho oentn of tbo ailat ai| thafsaitiini af 
tha onnk Ihr dM bsgiairingof thabadt ■traka; ««, aa^, tba 
nuli! of the e<'cctilric*, each 1} inchc? ; a i, a !', tho ccccn- 
trie-rods, 18 indies long, or eight timos the radius of tbo 
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«M«lric; tai (i>', tb« link, IS-iDch centrci', An<i oirvcd j the lick ooSocidea mik tbe eMitro iio»AB. Lowcriogtlw 
10 an 18-incli The heavv liiiiti; shows tlie poaitloii |' link into full gfiU formnl, in th« powtioD ee, in ullefc 

Om notioD in mid gtu, in vbiok mm the eoitn « of j| Um arper .tmn 4 w bna|bt iato Um Km^ «ht 




faivl • bXk within (he prsTiotn podtlon of tha Dak by tli« 
■aMUt •« and H tiM Uook ■Bflm^ with ihi i^iila of tlw 
Ifak « Md a mpaithily, U Mlmia ikal tha had In aiU 
(Mr ii gnatar than tlt»e in fall gear by th« amount < «. 
Again, when the link ia placed in half g«ar, in the peai- 
titns (/ tf , it still iiitcraecls the centre line at 3 point within 
the position of tiie link, tliongfa at tlie mme time 
beyond the point e ibr full gear. It, therefore, appeara that 
kgr ihiftiiig tlw iiak pngnadrai/ fima and into fall gear, 
OalMd it prgi^nMifeljr ndvaad tm iafnllgMr ftftllata 
ita lowest Talue. This is further exhibited by mean* of the 
•eetion V of the Talve and the ports, connected with the 
anecc^sivo removals of the Talvo. 

With ecoeutrie-rodi of doable tlie kngth, .'I fret, and a 
link of 3 fMt rodiua, tha valta-i^tion, F\g. 84, inJi^at^B a 
ndmtiMi of tha dUbnnoa »», ta ahont nB*4iaU «f its pro- 
tw» vahw with tiba ahmter nit. It, IhtrdbiN, appears 
that the longer the eeeciitrio-roils, tl.e les.'i is (ha a^nrimta 
diflfcrenee of the lead* for full and luid gear. 

With n link of liulf tlio longth, or 0 inchca l-ctween 
end ceiitrM, ita radius of eurvature being the sane, we 
ahall, similarly, find a redaction of the diflereoee of lead to 
one>hal{ of ila primitiva vahMw lUa ii ahviooi cnaooaidaN 
ing that the shorter tha tfak, widb th* lan* earwatiiM, tha 
shorter is its reraed aine, or Itf doriation frain a Etralr;ht tine; 
iUid, iu fact, Uie yului d, Fig. 83, would be tlia tip|i«r centre 
of each a link in mid ^r, and a curve drawn throogh that 
paint woald lia withia the longer onrra ib', and maid of 
aaant paaa tlw anrtn liaa nearsr ta « Thanbia^ tha 
■hcrter the link, aad the ktigw thaeoentria-ndi^tha 
klti««aria(MMiariaad. 

Ttiiso remarks refer only to the lead for the back 
stroke. For the front stroke, b" It", Fig. hi, \» llie position 
af tha liaik Vk nid gear, the eeeentrio-roda being eroased in 
tha aaaal mamr t and, ia fall giar, tha oppar oiatia «f tha 
link ftlb iirtaOa paiitiM a^wtka MHidaaT tlw inl 



position of tho link. Thus the lead at the other exlreoiity 
«f tlwvalv«,Cir tha. frwt atndta, it katin fiill fsar tha* 
lanidgNr,aaalNadrCMiBdfar(IialiaAali«1it,and tha 

diffistenee appears by the dia|;Tam to Iw praptu-allv tho 
same. It therefore follows that fur the front and back 
strokes, the lead increases as ihn a<litii!<f ion is diminished, 
or as the link is approKiniated to its positioo for mid gear; 
and that the rariatiM af tha iMd il tha Mm iw hatt tnda 
afthaigrliodtr. 




It appears further, that, in Fig. 85, as the positions a and a' 
of the fors eaw Bt rie for tha bask and front strokes respeet- 
Wfly, an dhwMtnsidly apfaMdfthajr are phwed at tho sama 
diitanor frofllthaanrtiattiaAB; theangidaiitjraf the lines 
a e, a" c", whh rtCuanea la this line, is therslbra the same, 
and it f illrjrtt that the interviil c c \ i\h\r\i :ii short, twice 

the Uu«»r advance of the voivo m lull gear, is equal to the 
horisonlal interral between the points a and a", or to the 
ditaet inlsml mt", whioh is twi«« the lioMr advanea of 
tha aadiatiiMr At lUa aqnalitj ia nnilfciitad kgrtha laB|dl 
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«f tiM nidt; H ftUom genenlly tfait, Ibr tin ikilUBg link 

motlDii, t.tic IIn<ar atlrance of (he occeDtrios \i equal to that 
of tiie valiH ill full gpar ; thai it \» titM-essari 1 V le«i for other 
potitioos of tlio geiiriiitr, ami tliat tlifi difftr.^nco increasee 

till it attaina a mauniim io mid gear, when indeed the cir- 
eiiimUnM tarn itatiMiriUi 4lHW«f tiM MlipM^ 
link. 

Tbo general poaitiaiw ttnl v^uXBAnA ftr d» diUtin^ 

link in hm-ffAt, are r^lid also ibr back-gear, as tlie charac- 
ter of the motion ia essentially the same. The particular 
jifferenoea of lead due to the lengths of the rods in the ex- 
iStpIcB before tis, wo CiiJ fn.nu iin-aituremfiit as follow. — 



ULxt^ (jf £cei^ 


LHllahllOm. 


UmI in HI4 Oar. 


«f U«d, 


Fie. !«.. m 
fig. 84...90 


tMm. 


iDrbM, 

1 


u 



HflNt Mfba rod is lengthened, the difierenoe is reduced; I 
ftamlh tfii inaMtkn «f tliWdigBWiw bmmw segiihb U 
H tbo Y«4 I* t n e wurf . For (b» M hidi ndl, tkoUad In 

■id gear is lu arlv double that in full gear. 

To ft tht etcentrk*. — As the linear adrance of the eccen- 
trka has been found to be in all eases equal to iliat of the 
viIto ill fuU f/mxt indtpandtaotly ■ItogttlMr of th* thnnr of 
«h»NMatiiaa,«rtli>lMgllisartlnnataBdlulut ilts 
plain that tike linear advance of the tbIto b«Sf cpecHte*!, 
that of the eccentrics is known directlj, wilhoot the ud of 
any such diagram a* "as found necfs-arv for ihi^ siisyioii.lril 
liok. It is cusluinary on some railways to ditiiie Uie evil |i 
of varying lead, by aetling the valves to the most desirable L 
iMd, whikiaiwifgMr. For manifki ij; with tli* 64 iaoii 
ndl, tho vilvvs 1»e artiHtli -ft &idi itU In tdlf gMr, tlio 

total diflV:reiic« of ItaJ, iV inch liy tl'.c nrL-viuus laMi-, wit! 
be dividetl in sucii a way tiiui tor li a I in iiiiJ :^(:«r, the 
worst position, doc« uoi rxccoil \i itivli, wliili- tli'; lead in 
iuU gear ia reduced to inch. Here it will be ob*erv<;d 
duKtha variation of lead iavwyallglft tomtds the position 
tt mid gMff aiui takes pUce most rapidly towards full gear; 
aatl aa impoetmi «f the diagram. Figure 83, clearly shows 

how slowlv thtt v.irlati'Hj tik^'.i jjlaoe iu the nciiO:lM^urh<»;i 
of uidipear. It is, tbereiore, uilh great proprit^ly that, the 
TilTia riwaU \» Mt light for half gear, about which posi- 
tion BNatiy tb* fMiiiig te omj^t^ad for tbo l^gjiw i|p*Mia. 

Tt «rr«iy» 'f* rmr rf isy ai i M *an f sM.f— Tha JUHSm aftfaa 
reversing shaf^ is required to be such as shall, for all eleva- 
tions of the link in fore gear, cause the suspended centre of 
the link to vibrate on a h>iri>torii;il liiM'. The Itorixontal 
motion of this centre wii«u it is piaci>l at thi- middle of the 
link, is in all eases equal to twice the Wwnt advance of the 
wire in mid gm, m with tbe ■Utknary link. Let a and 
li, fl?. Sfi, bo tlia pcaitiooB of tha link fur tbo beginning of 
ihf front anJ bai'V strokes, in micl i;c-ar, am! u', It, the poii- 
liuii9 iiit full gear; these second poaitioii> are JtUriaiueJ by 
the condition that the upper or fore oentre of the link, 
ilioald in both peoitianB, be faond in tbe «cstro-lin« k a, 
ml In oouM^iMMa tiio onttal pofaita ii aoaiiaMioii 
wn wtmSAj in a bariiantal boa. Witli tbo kngtb of tbo 
■■rtaniiiig link aa mdina, aad an the esntna, c and £, dnw 



lUOBIllIKL 

alMakr ana nUnKtbg at«,- and mO. Ao wm radlni, 
on tfa« eentres a, b', find the centre e. Tbe points f, i- , a: • 
the rcqnired MLtmno poaitioM of Um axtiOBiity of the re- 
vmqc lawart m Ikw ontaa, viih tha bvw M ndiv^ 




dmr area entting at dt than i la th* faqnlred {waitua ol 

the r«T«r«to» sbafi, wbieh will not only send tbo entpeiided 
centre of the link ia a boriiotttal line, for tlte extreme peei* 
t io> it. bat wm ba asnib^ annet hmwadiata ala«* 

liuns. 

Should the eentre of suiipension be placed at any other 
point «f tba lioki aa one of Ilia estfemitica, tba anna aHd* 
of fading tbo oentiv ia availabhw 

Motion (if the Hill. — A« ih-3 link is shid^d for eacli chanr-^ 
of iliMtribuLion, it-a tolal iiiuveinent throuphijnt a revolution 
is modified for each case. It is therefore nccrjsnrv. ir. or'U-r 

find tha distribtitioa for full, bal4 and mid gear, that 
three diatinet airiM of podtioaa ahoald bo proJeeteiL Thaw 
have been executed for tbo eiae of tha has link in diigiHi- 
plate 3, iigs. 8. 9. lO, nbjoet to tbo eeadiliom alreadjr 
ini|ioHeil, alKl^^ith the ilinieii.^ioDS already specified. The 
ptiKitions for otlief vw«ites of the link may in the aame 
way be projeoted. Of these, a selection are inserted in the 
diagraniifiato S, 11 (o 17, eonlaiitiiig the m«*a«Mits 
of tbe wmUng half of the Imk, in half gear. Tbo nBaO 
flgnrts annexed to these illnstnitioiw show the arrangsoMMa 
of Imk illustrated. Uy the method of motimireame, tht 
admi!?5ioti<i fnr the front and hack strohaa ara ditwiBad,aa 
inserted in the table which follows. 

The periods of admission so found being corrected for tlio 
oUi^Bitj of a ai>4aB|glh eoonaetiBg rad, frith a dinat n oti o n 
Talvft^netioii. the coneeted quantilica ao obtained am ah» 

rnle.-eil in l!ie lahle. In fase, the corrections are addi- 
iiiv fur ihe (ii^iit at<uki£3 and ^^uhlractivi^ fur liie Itack 
strokps. 

Again, tlie motioD of tbo alu&ing link is, in some cases, 
tnnaBitlad to tho ytlm^nd, Ibmigh an hiteniediato lever, 
which eariiee the alidingblnikiattfaakwar aid, Hai^lho 
eoDdkuma are rewnod, aa ti« ktmiBtln af tha lanr 
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caiueg the vftWe and Ui« Uoek to more in eonUvrjr directions. 
For thia vnuigemenl th« teetntna roust bo cet on tlie «xle 
fai poaitMiMi diMMtritAl^ oppwMd to tboN da* to dimct ao> 
tioa; btm vhiA H tOimn, in ibort, tli* tmnt ot tbs 
diltribtttion for th« froot and laok altakw ■■ tmd from the 
motion-ciirvu, for direct M-tion, are iHwessaril j exdia»g«d in 

thi case v! iIitciTi>r(liil<' — llnjMf fur l\u< frntit, in the 

foriuer case, becoming those for Uie itimk« in the latter 
ease, and viet rerta. The Dormal ralaes, therefore, entered 
ia tb* tMt, m Hmm af tli* Amit uid bode atnik*^ Mag 
thnMwUeh mm drnvod by direct act (on, btemn ntpiaMtj 
tboee for tlia hidi Mid fiwt strokes hy intermediate action : 
a« mrh they ar« annined in the formation of the last two 

eoliiiniis ijf till! lablc, ill wliicli, a« proviiju-lv, tlie i- trrocttDii! 
(or tbe Smai stroke* arc .uMitive, aiid tbo«« fur tijv lack 
atrokea aubtractiTe. The extremity of the intermediate 
loTCir TibmtMb of muM^ is o «ircalar arc, whiah baevmes 
tlw path af dw UmIc, tetaad of a straight line^ aa alnady 
araumed. This alteration further modifies th>j dUtribution, 
but 80 slishtly, in comparison with the main drcumslani-es, 
tbttt, for simplicity, it ia mglaetad is tha lanioiiitian of 
the last two columDs, 



TABLE 'Wo MV-j-ir LINK >mrnoX8, 
ST TMk i'llimxi I:I>K . I Mil n llirrri.iKT AxUROSVSrTBf 

«RD wiT« DiiuKT A!n> Ixniuiiuun ALtmn- 



5uabcr iMl K«U«r tl link. 



Ko. 1, Full g«sr 

llalfgear 

lli<l gmt 




dl fa MW^a <i tUe •Uak 



Hatfia^.. 

lU Mid gear... 



JroU sear... 
JJetffMT- 



No «, FoD 
Ho 7, Full 



Ku. u. Pull Kctr.^,.. 

tllall ntH'..... 



r>««t 
7« 
47 
IS 


7S 
40 
IB 


•WW. 

70 
Slj 
17 


u«». 
72 

is! 


78 

s,il 


73 

42i 

13 


7S 

401 

SO 


CD 
41 
"» 


78 


1 

<ui 

.17 
12J 




721 

4S 

l«i 


72 
17f 


7.1 

4BJ 

17 


7.1 
48 
17 


7fit 
42! 


flSlJ 


7fiJ 
62i 
Ifl 


GOf 
44t 
Hi 


7"i 

f:i 

l"' 


7G 

111 


74 

-17 

m; 


73 


7B 

•:l.S 


07 
3» 
13} 


I 76 
44 


7j 
SO 
18 


1 

78 

4»i 

17 


1 

72 

4a.' 

IS^ 


78 


ad; 

■ 3 


74 
M 
I* 


1 

1? 


77} 

stt 


mi 


73i 
•«7i 
l(i 


loT 

46* 
ICi 


' 441 
17 


SO 

iiO 
23 


7« 


TTJ 

S2 
20 


821 

CO 

2« 


72 
43.' 

i*\ 


78 
S.-I 

i2 


.» 


81 

•^7i 

i" 


72 
41.} 

isi 


78 
an} 

20i 


7& 

48} 

It* 



Ik tootling over the uiitMrrcrteJ valu!---. flu,! tint in 
•■•*■*•> No. 3, the admits lulls for tlie front and lark stnikrii 
are identical, vii.lilini; pici-iAi lv tli.j regnlariiv of a '■.ii;;!.^ 
ewcBlrie. In Ko. 1, also, the adaiisatona are very aeiarly 
OaaiBML Hw 



tli« aiimmioum fur ilw iruiit aud Imck strokes are £re«ja£iitly 
as f;real in full and mid gear aa in ludf gear, tlioogli it 
holds aa • gsQeral reauU that wfaaa foe baU gear Ibe admit- 
itant «» am Mf tfui, tliajr m alv abavt a^aal far tha 
fall tai aaU gear. Exampl«« of this agreement are found 
in tlie eaaaa of Von, 4 and 7 direct action, and Nos. 2 and 6, 
intermediate aetion. We may therefore with projirifl v con- 
fine our remarks, by way of comparison, to tbe Taluc-s fiir lialf 
gear, a« was done in the discgssion of the stationary- linlc. Ttii' 
fbUowinf ia ao abatiMt of tbaaa valiiai, with two oolaiiiBa of 
iifawaiB aiiiM««d: Hia ^ ftweie era iliilimitaliaJ aa 
poaitiTa or negative quantities, according m thf{j ava in 
(avoar af tha Ikaot or tlte back stroke. 



zr^-or UMK innmi 
Ldu, m Haw Oaaib I 



No. 
No. 
No. 
Ka 
No. 
No. 
No. 
No. 



47 

4fl» 

»«} 

Ml 



441 

37 

4n« 

4,1. 
395 
S2 

m 



Mi 
4S 



*7i 

60 



'llark- 

421 II 
44} 

44} I 

451 
«i 
«i 



+ 0^ 

+ 0 

+I4| 



+10J 
+ I 

+ « 
+17} 

+ M 
+I«J 
+ »l 



Fnjiii tliif tal'Io it appears, firft, tli-it In nliift. the opntre 
|. uf £Uep<::iij>tuti Jwrijuiiititily towards tbe axle, reduces tbe re- 



lativo value of tbe front 
adauaaioii,«ith dinet 
ia 



I, with respect to the 
iMaitiiriuntho 



N.:n. iif I.iiil; 2, 

^enotts ^iwt«etMn| ^Iftj 



in which we find that, of the throe ex.atnp!ri<, N'm. \ U tli" 
best arrangement of the open link for direct .u tiom and 
No. 2, for intermediate aoiion. 

Secondly, to shift the centre of suspension upwards in tba 
centre line of the link, keeping the fulcrum below, hat It 
atigfat iitflBMiea of tba aaoo hind, wbidt ia forthvoanM 
gat b/ ahtftiflf tba atatratotha lamraB^ oT A* Ikk ibI 
; Cnmi above. Thus — 

Bu. Ofm. 



Nmi. of Link 1, 6. 7, 

l>t£ (diraet) ....... Ot Si + k 

l)a.0Mm».}H»...+l«| +14 •fw 



$1 *8 

TiiirJly, to .^hift the centres of llu< ccrciUric-rDj eiidn hori- 
ZDntally towards the axle, converting tii« box into th« open 
link, rames the reUltve value of the front admission, with 
dii«ei action, and nduaaa h with iotaraiMliata . aeti«. 
Compare Nos. 1 and % 8 ani t, 7 aad 9, 

Potrt%, it that appeort that the effects of a horizontal 
tianslatioa of the taspended centre of the link, are oppoaed 
to and t.^nJ to luutnjiiz? those which nnult fiwm shifting 
ih\i cuutnui ui cunuectivu in tbe same direction. Accord- 
ingly wo find that, in the series of box-links. Not. 1, 4, S, 
7, ia aU of whieh tha aaatiaa ait plaosd ia vaMied ordv» 
tha difinMM 4» aM airtwiilly fiijr, at kartia Ibo iMt 
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tlir»B cases. The .«Am» neutn,tizin» tMi<len«y i* o\mi »»Wt 
8nioii::ir, ilic ciji»-ii links, Nfi. 2 .^iid 6, 3 »nd 8. 

Fiitlily, the practically correcl motions are those of Nm. 
5, and 7 for direct aclioo; tod Nos. 2 md 6 for iut«nn«dist» 
Htin. Moib a ind 4 MilnHt tkoflj in lb* Mtmw jhmW 
tuNttafth*fiiipaidwl BoitM. Nw. 5,6^184 7, <inn|ilw«f 
link* hun» by the oxtrpmity, thow that l um wr w irreguUr 
may be the oetiou uf l ureme bunj; Unit* wImh atottooary, 
they may op«rtkt« very well for flilfiin^ 
diiMtly or Uumtgh ui iataraMiliata atutft 



CBAFCSaiT. 

RrciprrciJiTfOX or tub PRKCKHisn Totr. Cn^Frma. 

1. The relation of the motions of the piston and the TsWe 
are founded upon the unifom flfoiiar BMtHII «f Um Mask 
and «paa>tnm od ahaik 

not aSiMtad by the angularity «f IIm cOOtiWltiilf-rod. Ii 

rvpresented directly by the pro^mMV* niOltoD of tm etaafc- 
jiin : tlif vclocilv bcin^ nolliinu: nt tin' iM-i;uuiiii^ aiii! cn l 
of the stroke, hotwtxti which paints it it* ar^wlerated and re- 
taidld,aBd reaches it* maxiniuro at half-stroke. tJndwtbc 
iBloiOMof a«ooitMtia0>rad,tlM pnton k |ilMed in adfaac* 
«f jU fwg W M dm to tlw tmA aloiM^ tliiMift&Mt tba frmt 
•tmka^ and it tiiUad iia dm* padtlan nt aU paita «f tba 
bock strolie. 

;t. i^ini/lr Titlri' iiiii! ("tiitri.-, — I'lif nariiial nr [iritnitiVi' 
Yailve, with neithtsr ltt{i nor leoii, operates lu iucb a lujuiiaer 
that one end of the cylinder is necessarily open to the steam 
in Um valviMifaMt ttuoagiioBl tliawktia of «ab ttnlc*, while 
tha otlur «d ta apan ta tha aidiaHt: and tbat tba nip- 
prcmion, rrli-OM, and odmisaion of steam take place sinml- 
taiicoualy at the end of Mch stroke. In this state of thin!;^ 
till.' I! :i>.iitiie 13 ]i'ac«!ii i n t!i'' axlf at rijlit ai:[;lr! lo 
rraok, lu advance ot it. liy shii'ting furtkaivi tlio cwcntric 
round the axle a little way, and fixing it Iherr, the changes 
of the distribution talw jilaaa b^an tha «od of tha atnke. 
Thn», by the prorMon of l«ad, M«na time ia allowed for the 

exliaiiht strain lu L-^i aj'f, [■rt^s :iju->;\' Im tlie i ii.! (T tlit' htr'Ar. 
and for tiie iltani fioin ilii> tiuiler lu iiitur the cylmJur fur 
the succoeding eti lAe. ' Expansion" of steam in the cylio- 
dsir takai piae* daring the intanrol between the supprc»- 
aioB and tha ntaaaa of tha at«un adaittad. Lap of valve 
INwidaa aEftmiva aeliaa of tba atain, and m laiwitial 
fer tliii object, with tbo nngla Talve. Withoat lap, aa ia 

till' normal valve. tln-Te can be no expansiun, pioj" rlv 
c^.t»l , IwcauM then the aap|ireB*tun and release of the 
•team admittad toaoaandaf thaorl&dar,oeaarat tbaaamt 



i jaintif with knd tn pfaaaria; an mAy 
1 1 botraia the Und of tha eibaost, or the 
anMMBt by whieh tha t«1m ia opan to tba aihaost, at the 
f il l iif tttc stroke, is IncNaaad hjaa mMbaa tin addition 
of lap on the oitttid*. 

6. Lap tiaa ae a tha talva to nadi tha and af its travel, or 
tha naxinnui epeniqg for steam and echaast, earlier in tha 
tafthaitraln^ NocNatimpattanaaklabaattMliad 



t« Uiia etrodinalaiMt, aa tha i 

arrange themselves very itiurh iiiJepandcntly of tliis event. 

6. It is impossible, wilh iLio ordinary sine^Ie valve with 
equal outside-laps, and worked directly !>> ono eci-ciitrir, to 
admit equal quantities of sUtao) for the front and bark 
abakWh awinf t« tha action of tha aoaaaeting rod on tha 
prqtNMaf thaphton. Tba piapaodimMa af atana Ja in 
(«*avr of flia fiant atrola. 

7. For lai'li stroliij i,f tlm pi-^tiiti, i]ifrc ar;! four iliitltict 
events couoened iii the di^lribuliuu »f llie tteam: — ihi) 
admission, the supprassion, the release, and tha compression. 

8. Tba diatcibwion of ataam ia ngalatsd by tha worfciog 
odgia af tho nita and tha «ilfa4Htk Tba aotaradBaaof 
tha ralva and fba atowi pottt vaik lmiUMr,aBd dflMvina 
the admission and tha Bappraaion. Tbaaoarad|Eta«ftha 
valvo anJ i;i tin,' steam ports, jointlv. determine tin- [►iiiit» 
of releaiu: and cumpreasion. TLu& the mere thickness ui iha 
bata or bridg««, or the widths of the ports, have nothing to 
do with tha diatribation: thia k fomnad anslaaivalj t>f 
the Up, land, and tmaal of valra. 

9. The meiliod of tha nwtion-WTa laja aaiM f a in mt 
vtaw the whoU rtHitina of tha motMn af thavaltai mi m 
single curve k canpataot to bidimta tbavhalaaawaaortha 
distribution. 

10. As the lap, lead, and travel of valve regolaila tho 
diitiibutioo. an altamtion of any ana of tbaaa afiiKti il In ft 
dafinaUa nannar. U, bonofar, thaia tluaa iHmumtt ha 
equally vartad in aanjmetian,' tha dtittlbntiHt laia^ 

uiiiifrMted. 

11. A- tl'.o fu ritHl iLvf atlmission variw "iili variation 
ul' atiy uueoi ihi.«e ciementa, aoolsodoca tliat of expansion, 
which increases as the aJnuaoion daemaaeai and a roductiaa 
of the patiod af adniaiieB mj ba tba laadt of an inetcaaa 
of lap, an inareaaa oflaad, or a tadnallon af tnTal. Varia- 
tion by lead is inadmissible, because it creates a formidable 
counlerprcssiiro by pro-admissioo, whivh rapidly au^nncnts 
with the lead, and it makes the period <>f ' vpaii jiun lur.rlv 
aoonalantqu.'ititity furall admissions les^ tlmii thrto-loui tli^ 
of tha atroke. Variation by lap and vuruti n by travel, 
are, |>ractiaaUjr, tha onljr VgitimaU modaa, »ai art aqoail/ 
good ; the latter ia, hawavar, more almplT aflaetad, tmA k 

lln-r-fu:r till, tiio't ■■•"-ilil'-. 

The iijditioii of lusiJt: Li[i, by dtft*rra;g Uw point of release, 
prvlongs the ex]>an«ion. It likewise increases the period of 
compnaaion to Ibe same extent that the release is deferred. 
Inaida cHaanmaa opcntaa iwranaly : by ktaieuing the re- 
leaa^ it abaKana thaanpainaian} it ahatlaoa alaa tlia paiiod 
of eompreisian. 

12. 13v adding an eJtff*^ i f nti tlic front ciiil i)f llin 
valve, the utirqual perio^U ui, ttAiuunuu duu tu ittu ai-iinMj 
fin;;!!) eccentric and single valve-motion, may be equalized. 
For aiampla, with A ioch kad, and *h in«h tiaTol, I inch 
of hadt kpk and ]<Ar inali of fl^Mi hf, «a aaeaiaan a^aal 
admission of 70 5 per dent for tha frant and hnek atrohaa, 
with B connecting rod six limes the length of tha cruk. 

13. WtriiU'- 1:j/,iiim'i':i (inif. — TIll fir-t ijrialifir.itions 
of expansion gear aro to leisure, iur every vuriatiuii us expan- 
sive action, a free nduiie^ion and n fraa release for the 
ateaai; to lender tha pariods of admiiaiaB cqoal for the front 

i lad to piannta tho axpnnaiva nation af 
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Uds Bi«ajn aullici«nU V U> exlnet the motl, if not the wiiole, 
of its work, for propulsion, exeiftiig » yr—mg* »n«iwd 
ftr tlie porpoM of tlu Uaat. 

14bL!Bk-imtiMUw«ndmilibl»tMdaM«: fitt,tho(e 
biifiRy»itatioiiarylink«BdAiliiMi|f Uatk; iMndftlMM 
«itti ft ehifting link and « •taUMMiy blodi. TIw nediaawin 
of (lin link U iii»i?ib!c Into tiro neetion* : in llic Btationaty 
link-motion, tlier» tli« ecoentrics, the rods, aai the link, 
t Jldd ttie motion ; and the tsItb, rod, and reversing 
, iriMb tnonU hi! iw«i*t h. In tba liiiftiiig 



18. Xeml.'— In th» atatienunr link-motion • constant lead 
thran^liout the forward and backward ^(«r, is obtained, by 
cirrlin;' llid li:il< t'l (lir ruiiii? uf tli<! vrvlvi -rwl link, and the 
•ain« lc«il inny Ut had iur tiio lV«nl &ci4 ba«k strokes. In 
tlw shifting link-motion, the lead essentially Tsries with the 
w qH H u iwi. Tb« gmtar Uw degrc* nt txfmmoitt—^lut it, 
«Im kM tlM kdminiott, — tli» gnntar tlw t> th* Umi. Tb* 

louil is tlius least iu full pear, an J altallis it-< maximum in 
mid jicax. It uiay, liuwcvcr, ;iUvi»yj< lj« tiis iu the same for 
the front and bock strokes; an l il-l^ <i|u.',liiy obtained 
bj circling tli» link to tho radius of the «ccentric-rod. 

Thus, the cwnditiaoa of nuttut lead and varying aJmis- 
■wn, wbish are iiMoai|«ljMt vitfi tbe nature of the shifting 
Uuik-iiwtHiii, an olilitealilB Ij tli* •talionary link, with a 
single valve. 

16. Th« longer the ecceotric-rod, and the shorter the 
link, tho hm h tb« mrialim «( Imd, ia tli» diify^g link- 
notion. 

17. TIm i&iftii^ilUlMiatioii wqr. mflk ainalbigt, it 

Mt with the deairod lead in half gear, which w the moat 
ordinary working position of the mechanism. The evil of 
varying Ind ii tliu.'* ■uviiii'il aii i n.-iiuccd. 

18. Linuir AilnincA'.- — ilu> stationary tink, the 
linear advaiiL-i' of ilia t-ivi iitrio.i in in all cases less than 
t^ of tho Tolf«w and ia a ^msti^ afiiscted by the length 
•f thaoonmtriB.nidi: thesonido by tliov varying obliqnity, 
iBeTvase tlio aJvanco wliilc transmittini; it to the link, anil 
the*horti-r llu' rLiiJ?! tlic sr. atcr i'^ tlifi ilitlVrciicf so caused. 

Willi tlu.i sliit'ti;ii.- link, the linear .niv.nK-i' ul' llii- \alv(> h 
in all cases equal to tb»t of liw eo«rDtri(» in t'uil g«ar, in 
dapendently altogether of the length of (he rods, — expressly 
mmainf bf fi>U gmtt tbat tlw ftM»«»d end ia bntHgbt inUi 
tbo eentis fins of tlis valva-iiMi. Tn «l]i«r podtigns, how- 
cViT, tlio linear aJvauco of tl.p valve varies precisely with 
tlw; leiiU, as Uie lead, iu fiKt, partly coDstilutes the advance. 

19. ilation of lid Link. — The motion of the link ia coin- 
poood of tbo dkloMt notiono of tbo oeentrioai and ovai; 
paitef tbeliiikitMl(}Mt(othiteoaipaiindtBl«iioo^ Tbo 
■notion of ea«b oeeoBtrie prevaib in tbat kaJf of tho link to 
«bieh it is coupled ; and at the centre, the motion of the 
link ia equally composed of the two. Tl:e tinal result of this 
combined action ii> approximately Ut« same as tiiat available 
by tlie action of a single eccentric of variable throw. Thus 
tbo object whieh waa pnpooMi to bo ^fW""^ bjr tbo apiral 
aid wedgs rovsrsipgniotlMiiof Fsntonaad DoJda l ariaMa 
expansion witli (if possible) conxtaul lead— riialiieed in tho 
simplest manner by the combined upcratigu of two eecen- 
trica, and with an efGcicricy and |irvci><iun uliiili probably 
tho ordinal promoten of the liaJk-motioudid not anticipaitOk 



SO. Tlie liorizonial motion commnnicated to the link by 
tli« jtjitit action of tlie eccentrics, is a minimum at theeentn 
01 its length, wbora H ia equal to twice tho liaoar adTanaa^ 
and it iaaiWMa towaida the oxtremitieo. Yarion porioda 
of adminloa m, Hkm, aUainaUa bjr tbHUng thepomtion of 
thoUodk iBtha link,or«r Iha Jinkantiha Uook: on tba 
genent prindplo (bat iilniiiMbin niiia witii Iho tntnl of 

valve. 

21. The distrihntion derived from the link, is affected by 
tba liogtbof tbaeonBooting nd nia^ro to tbat of tba onnk; 
tbadmlirtbaMtbo gnateria tba ftwrt adanrioB, aid 

the less is tho admission for tba baek atfoika. Therefore 
the term " link-motion," in so far as It fantolvaa the relation 
of the valve'.i m<iti ;n tn that u{ the pistOBi Tlltwallj iiwhl Jib 
the proportions oi the puion-iitolion. 

52. The quality of the motion derirod ftvNB the link i( 
modiflfld bf tbo p ooitiona of tbo woifciag oc&tnai and aoal 
oipadaWy of tba oaatfoa ol ttispendog and w nuo o t io n . Tba 
centre of suspension is tho most influential of all iu regu- 
lating the admiasioD; and its transition h«ijontallj ia modi 
more effieaoiow thaD a vnilaal ofaamo af jkea to lb* «aaM 

extent. 

53. The periods of admission in half gear an nMib Wat* 
aaoaitivo to wiation by modoa of aniptaaioa and ooaaaitiaB, 
than tbooo in Ibl! and mid g«ar. Aa looomellooa om moat 

rn'i](i<nfty wnrkoi! in half ^-car, it is cxiicillioit t" si-t tin) 
motion riglit lor tiii> poeition, as regards the equality of the 
admissions ; because tba diAviaMa tut otliar jrwiliTii arr 
tbon iarouider^le. 

S4b Tbora an oofMia aoabal poiMiaBa of iha oaaln of 
aaniaaainni oa itUoh fba Kafct m Tibrating, yields equal 
adnlaiiaBa; and (botaaiay be band for any spe«iBo arrange- 
ment by the method of three trials. 

So. These neutral positions may he located either in the 
centre-line of tito link, vertically ; or horizontally, in the 
noigbbonibood of tba niddlo of Um Uak. As the vertical 
awrwnont of tho body of tbo Uak, wHh fba consequent slip 
between the link and the block, is the least possible when 
the suspended centre lies in the centre line of the link, in- 
(•rotLfini: as the centre- is ren!uv,^d laterally, — the centre lin* 
of tilo link is in this reject the most favoaisblo hMality for 
the snspvuiaa, tbaagk ant almja pnwtiaible Car efaal 



M. It baa boon Ibmd that tbo alalioaaiy and abiftinfr 

links h.iv,. iirit thi! >amc neutral centres of suspension ; tl:at, 
iu gi:nt-r^l, tUe ulatiunary link should be hung by a centre 
in the neighbourhood of the middle of its lomth; and tba 
shifting link towaida oaa of tbo enrsoitioo. 

of admission are diminished; and when tbo poiBta of Bop- 

pression are equally adjusted, those of release do not con* 
sidenbly liilTiT. It has been fonnJ, in sliorl, that tlic values 
of the adniiasioas and the expaosiciiui, may be DiadEi abso- 
lutely identical, as in No. 8 stationary link, and the Great 
Wsaiom link. An adaiiaaieu of 76 por caaU, or thi«o> 
fnuOa of tbo ataoiki^ ia attaadad irilb a noaa oipaarfoa of 
16 per cent., the release taking place at 91 per cent. ; 10 
per cent, of admission, or one-half of the stroke, yieldj ubuut 
dO ]>er cent, of rxpansion, exhausting at SO per oent. The 

utoioat period of expansian obtainsd by Mo. 6 otatiooary 
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in which caae the ■teain ii «vt off st Iras than ou»-eighth of 
the stroke, and expuided into a volume of SO per cent., or 
one-half etrtiii-. 4 '.'.uif^ llm iiiiiial vij|iim<>, fxcUiHUe of clear- 
■aci^after which it exiiaasta during the remiuuiog kiaU^troke. 
Wkk Ko. S aiationanr link, the ahortott ailniiaaion ii ] 1 
fcrcnit«riiaMiiothaf iIm itnikih totptadi^g ia(»Mptr 
aMt, or *i tlmta the inttia] TolmM, IwfiKW tin rOmm takw 
place. With the sbifling link, the imallest attainahle ad- 
mitaion is about 17 per cent., or one-iizth of the stroke. 
This is alwut Hiii>!i:ii!' wwn t!i:in wliat is obtained by the 
stationary link, the tiilf«r«ncv being dn« to the excess of tratel 
yielded by the sbiftiDg link. As (be release takes place at 
ltai(«troke, tbe abiiiing link oaoiMrt Mcpaod the steam abon 
thra* tiiM« ita faiitial rahuM^ autiain tidmnum. 

28. The average period of admissioD in full gear doea not 
exceed 7^ per eent., or three-fourths of the stroke, atxnrdinjt 
10 till' cx.'ini[j]» s bcf-jre U3. Mi-rc tliaii lliis sh'>ul'i iii'l be 
required, nor UHle«J wuid ik bo Ixjui-^aaiiy employed at 
regular speeds. The admiseion may. however, be increased 
fajr fonbg the mechmitai of tha nlra UyvaA Ml g/mtt 
that ia, l>y causing th* lilodc to «Difc in tha aistiaiaa a*aik 
hung parts of the link, which must be extended, for the 
purpo«i% beyond tlie cMJtres of conneciioo, Uy this expe- 
dient tll« Uiruw uf tlii^ \:ilw i.i im'nxiiMi. .in:i it i.n jiiie- 
ticable with the Ixix and back liuo^ links, and may in many 
cases be useful ly emjilajad whan a laady atart wA * haaay 
tnin ia nqoiiad. 

n. Tha open ItiAr, aamwalad hj iia ailnmitlaa fa ito 

own cc litre 1 
lick. lu tilt 

throw of the etvi nti ir -h jubi !« greater than that designed 
for the valvei, as in t'uli gear the block i.i of neeeasity placed 
nearer to the centre of the link than the rod-centres. 

80. XhoBf^ tha dadnetiana mw leo^tolated an baaed 
ttpoa ipaml txanples. It li oat dlSeoh to pem^w tlwir 
general application. It wvic an eii<!!. »» l;isk to f illow out 
all the possible rariations tiutt may b« iiripu.3i.'d uu t.he liuk- 
motion. The general influence of circnustances common 
to all links, baa baeu pMuted out with aoine minutenesei, 
tai anoi^ baa baen dona to abow that cMitattlf working 
Kok-tatiaBaMyhaipyliadMiliaitnaiiniiiy ai> wnf lately 
la tha nation nontroTbd hj tha laaatien af tlw aaiitn of 
su9p-?ii!<!nn. Litt1>> Kcoii saiJ of the method of unequal 
likpe uu iLu; euis ui lUn viUvx uirrecting unequal admis- 
■iona, because in general it has be«n found unnecessary to 
adopt thia aspadaant. It«a«Mbekh0»aTar,aTaij«iiMtual 



L', If, I'Ii i.'.'mI ill Its motions with the box 
ii-L- Ml' that link it is impermtivo that the 



CHAPTEJtt VL 

Sotn fnTuTn-Mbnoir. 

Tm mean distribntioo derlvKl I'mm the liuk-molion, in any 
poaitian fitom fall to Ptid gear, baa baao foond to ba ap- 
prcslniatsly tha mhm aa that darivahk Iram tha raotion of 
• single eccentric, yioldki^ tba aama tntTal, ud with the 
aane lap and l«*d. It ia, to ba ania, to aoaia aslent vari- 
•Uawitii diimt imn f f ti of Kik( tba 



- but lintlid, ami ika aaw a^nhm at tfia dinrf. 

bulioBa fcondad on tha two ayttam of drirtng tlie valvo, 
enables as to apply to the link-motion, when the lap, lead, 
and ti^vcl arc c'^'i^". the rules w;i:i-li are founded directly 
oa tiie moliDQ uf a singla ecoeutric t'jr ditcrmiittng lite 
points of tbe distribution. 

With • atagli eaaa iit rie motitB^ tha crank and tha aaeiB* 
tiH^aa thiy wwln^ daawiba afid atglaain equal tinHa; 
aodthapDwadaMaaiftiiaanuikbxthaaaeentric, each from 
its own datnn-llna, ia eaaanired, in all parts of a revolution, 

by tlie angle of ad?an<T ; or, rklV rriirL: (o I-'i;,-, 2, Diajrani- 
pl&te S, by tbe angle ioruiml by thtu l\ postiion of the 
c'-i-cnti ii- with tbe datum-tine DS. Again, overloakiqg tha 
aflaei of iha aagplarity of tho aoMMating lod, tba noianaMa 
of the ptstoa and the valraara UMaaaiibU ratpaetivaty by 
the cosine of tJie angle of the crank, and tlie sine of the 
aiiirle of tlw eccentric, formed with their respective datum 
h:ifs. Onliiosp two [>rufi'j«jtiuin thf rules for v;ilvf -iiiovoii 
are founded. Vt v t.iko uo aceoiuil of the iuOueuce of the 
coDDocting rod, Ixi hum tbe link-motion may be adjusted to 
neutraliaa that ininBda, wUla tha aiaan diattiboliaii bt 
tba front and badt atrdna la net ntatariany afietad. 

For the distribution dcrlvaUe from a siti.dL' eccentric: — 
Given the lap, Umi, iiud trarel of the valve. Jrirst of all, 
to And tha anguUr advaaea af tha aaamtid^ 

I whkli tha nq^ inqr ba fbud If* laUaat 1 



1. To fiiiil lilt' point of rnippr* •ision. Tliis jmint <>('i*un* 
when the st«aia sidv uf Kim valve arrive* at the outer edge 
of thaataam-port, and a part of the balMmal oqnal l» ill* 
lap lanaiui to b« described. Now, 

Hsif travel angW ui eccujtric 

at the instant of auppresion. This anj^le, measured from the 
I'ouiniciirciiioiil of 1 1 11; throw, is obtubo; and selecting' tijo 
greater vaiue 01 tii* sine. i;iv<;n in tl:c tabic of iinoi, the 
difference of the angle m fuund and the :iii.[ic of advanee, 
nuaantaa tha angla of tha cmtk at tha point of snppreeaiao. 

If tba length af grank, ar balMmlie, (80 per eent. of 
whole btrokr) be taken equal to 1, the cosine of th? .in^le 
of crauk eiprwts the poeitiun of the piston, with reference 
to lialf-stroko ; tliv cokiiu' must lie :idded to 1, if tho angle 

bo obtuse, or subtracted from 1, if acuta; to give tha poeatiao 
whbNCMNaeatothabagfauuagaffbaatiaka. bbcie^ 
•^yb^aieaMi— «ml»i/«daaae»— a^fb^eMalk 

And 



t ^ «MnM mfSt cf trmk ft 
temu o( half uroke. 

S. To find tbe point of admiasion. TUa paUt 
wbaa tba vaira baa paaaad ita mkUla poiilian bj IB II 
a^«alta«hiali|i. liha^ 



engliar< 



and 
— aaateaf 



— wgiacfemdb 



And 



1 oaeuaai^af tnak • parita afiiaUara 
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«tt*r»Dce, to th« anglo of 
angle of th« cmtk ; or, 

»Bj{l« nf M t — m ^ «agle of < 
And 

4. ToSiid tbvpwniofeaaprMiiob. With do ktiM* Up 
Mr diMiMc, it Mann, the ralwwa, vbRi the valve » at 

hair-travcl : tlio Nccntric u tli«n on tho datum lin«, and 
tli« craDk ia di»lant from tlio br-riDiiing of the slroka by 
aa nneh a^i tlie angle of advance ; tliu*, 

I — aawaaaaailaafadtaaw — p ai h ta i rffMan. 
laM» bf «r daaranca bannca tha aiM <l the anglo or 
tlie e«crntric, and tliU ande is Mcafdiai^ added M or aab- 
tfacted from the aJvaoee, <u\ 



I ~ ffvlTin fi<i|He of ennk potttim af |j||Ma 

Til? g^'iiri.il similarity of tbeie four epentieas ia ap- 
pan lit. Iti nil ci.'c«. the lap or cloarsnee divided by t lie 
halt travel vieliisi tlio sine of the angle of the eereiitric due 
to the poiiitii of the distribation : outside lap b«in; em* 
fiofid for the first two points, and inside lap or eUnranee 
bt flw laat two. Aa inaida lap aad elsHHMa am ^ila 
•saaptional, aad ladaad utt ktnd bk orJinarv practice 
eisaBttal to the eflaitoejeif the Trita-moiioo, ihey will be 
overlooked in the following discoMion. Tin- ^ 'i- in ! general 
process is to deduce the anj^le of tlte crank from the angle 
of the eccentric and the adMAca elMijgiiiitlj, Mlnag llw SOIB 
or differanea aa nqoirsd. 

lb anmtt tbssaaptnllan huambal nlii^flKfeB the 

Bvu h—V«t die anyttetr aJrant«. DWide the linear 
ftdv.uir.- Iv till' li;ill'-tra> c! ; ihc (junfitnt is tiio iicitur.il sine 
of thu aiigio uf a4viiicu; wk^uce ihi; aii'jic. nbicli if a.v,^yt 
Mate, may be found in a table of natural niam. 

Bou IL— For the paiut of mi ffmm m. Divide the lap 
l^fha hdf^nvelaf valva. and tfaaq««timtta Oamtunl 
aine of the Migle of the eceentrie ( whMee the angle, whidi 
is always obtu«e, may be found from the table. From the 
Mgle of the eicf iitri:- «<> fnntnl, jiulitnwt tlic ailviin"c f iuiM 
by Hole I.; tho ditlLrirrr- ilu- ai.L-l" of tha crank, li 
this aagle be obtuse. aH 1 i<> ii> ratur.il rnMiie; if acute, 
aobtract Ui« cosine fnuu 1. The sum or diS<»r«ii«e •» Iwmd 
naltiplied by M, e «|i ws a sa the poaMoa a( the att p pwea fc ai, 
crtha period of adniinion, in percentage of the whole stroke. 
Bma III< — For the point of otfaMwuM. Subtract the 
, M Ibaid br Brii II. (taqg ii tba 



t. Tafindthapatatof lalMM. Sbedd thers he neither {] 

lap nor eU-araiice ij5»iiii\ tlm release takra |iUci- wluu the 
valve is at half travel. I'lie eeeentrie is then on the dMuni 
line, aad the crank is by as much aa theaag)a«t adniiee 
lirain the end af the etioka; tbiss. 

With inside lap or elearanoe, 

Upor cleorspce . _ ancle of ecc^trw!, wlj/^n^w tlsp an*'?*". 
hJi-travel 

This angle is sabtracted if due to lap, or added, if due to 



pressat eaaaMnla), fiogi thandranaai aathael the aoaina 

of the difiereuee so found, from 1 ; the remainder moltiplied 
by 50, expresses the pooition of the )ioint of admissioo. 

l!t:i.E — I'or tl>e rdratf. Add 1 ti. ihf dotins of the 
angl<' of aiivtiti r ; niid multiply tiie asm by 50, the product 
is the I'liir.!! >>r ilie release. 

Bdli V. — ^Far the aiaywiifdn. Subtract the eoaiw af 
the angle of advaiea bam 1; aad multiply the laoMinder 

by SO. Tho product is ttio placfl of th* nmipn-s^iim. Or, 
subtract the re!eft«e fnun 100; the r<>ni3injLr is ilie jiliics ur 
period of c«jm[>itw«ii!M. 

The folliKviii..; t.:il>l<i oiiniprijie* Ui« periods of admission 
doe to the l.)p var, ing from \ inch to \^ inch, and travel 
wying Imn li uuh to 6 ineha^ tha lead hal^g trim m 
•lleaaea at A-nidi, KvtiyMdliarf vdMw TJwtiUtkM 
been ealealaUid amaf Bub II., with Ilia aaiislanea 
of liule 1.:— 

TiBLE N* XTl— or 1'l.lUujjM .lIi«ls=!r)N t-> lU VARIOtrS lAPa ANJ} 
} VAUt IN rERCESi AUKt OK TUB I 
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The mo<le of calcnlation employed in forming tlte TaUe 
may be illustrated by an example. Take the case of a valve 
with 4i inch tntvol, 1 ineb lap, aod A i>wh land, to tod 
the period of adalMiaa. To ibid, lint af iH, the aaigla of 
advance by Rule I. 
Tbs Boeu sdiaasa ml+-^mU ineb, sad tbs hsU^intd s {] 

iashsat ib<% ^ . ' .. . 

n - H> -*tiiiaaMo«r •dVHSoseir. tgr taUl af aiteil iliHL 

Azain, hy IMo « tka bp NMh, aoA hMmnA 

= f inch, 

* - 444 r=> tin-' ofeowntnc at pniiit ni i»up)ir6a«ion 

This cornMpunds to tho Tabk' to 26', or its ooDiplsinent, 
154°: and, as the »itel<- <'!' tlie ecMBlrie w alfi^ olitaaa, 
tha gnaitar valve ia aalectad. Ihan, 

MP— *P * IMP— aafjlB efSMk al tte polBl of snpprsisiao, 
The cosine of 1 is . jr itd iiimliwit. 91*, b "MV; 
1, it beeenws 1169, and 

s 



Digitized by Google 



58 



SAILWAT VAGEONIBT. 



%bi«fa is the mMn perioii of aJmission due to tbe action of 
• tingle eceratrio. 

«Mti«M doinilhn tli»tirik«d«iiii|^Mimlrf^«ilh 
tlM MOW % 1m4i tiMiL 



■■mBIMKTBE UNK WITH THAT OFTRK MXni.R i;cCKNTIllC 
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Tli» eamspondltig taIms In the liat two coToirm, as 

Ibiinil fmiii ihf* linkji dinvtly, and bv r.ilculaliuii frMtii 
gireo Ikp, leati, and trawl, do not exhibit greater tlid'ei'eiio«a 
tlian are to be foond among tho links UiemMlve*. In no 
MM do Hm TaluM differ above 9 per e«at. in gwr« and 
t par emt. in mii gear ; and the po»Iti«im of fall md mid 

gear are indwi ihe onlv conditions of the lirik-tiii>lluli wlii' li 
eoneem u« in a preliminary trial, aa, between these extremes 
my m]uired adulMion Bi^bo oteimd by yteebic nidtiUe 
aoteh in tlw OMlor. 

An adraiMion of 75 p«r cent, ii Um gnntart that w d» 
•irablo in full j:tar, tli'>u;;ii, of coiirsi', much greater admis- 
•iona are practicstiie. For example, witii 1 inch lap, and 
A' incb Ind, a travel of 6 inehea extends the admiaiion to 
W pur •■Ml But, for a practical niaximam of 75 por oaoL, 
Of «f A* Mbwing cooples may b« emplojred, with • «on> 
■taBtiMdorikineh:— 

TAItB Wt SnOr-or TRAVEL AMD UP UOtTHID lOB ABOOT 
1IIW CKWK AMUniOM. 




It u rarely aaviMble to «et the iraive «itii leas tUsn 
: A inch lead, aa allowaneo abould be made for the stAining 
and wear of tlw jointa and atiiar aotCwta «f tlM nin- 
gmr whidi •onbino to ndwo tho load whan In actual iMilu 

Aa aome engineers, howi-vcr, ri^i<il_v pro])i>rtiv>ii tlie ti'.ni to 
the travel and lap, the stuiiiarU proportiaua uf 1 iuch kp, 
'A' inch Ivad, and 4i inch travel, may be reduced to general 

I t^ms. Assuming the travel as unity, and dividing it into 
1 (>{} j>arts, the lap and lead may be expreoaed ia parteotagea. 

' Thus, 

I TfiTpl, 4i ioehes — 11—100 pdrta. 

L^y. 1 iiicb — il ~ Z2°2 psrU, My SS per c«oi. of travel. 
Lsa«i, iBch >c A «<= 61ii parts, say 7 ^ cant, of itafeU 

Whenoe Out fimmi rule 

Riru V I. — Given the Iruvel of valve. To find the Inp and 
lead neeeaiary for a masiiaum admiasion of 7^ pw eeni., or 
tlire«-fourth8 of tho stroke. 

1st. X<y.— Multijil/ tho tnval bf 22, and dirida bj 
100 ; tha nanit ia tha rwpired Imp, 

2d. Fi'T Lor!.- Multiply th*. travel Ij T.oddividtbj 
100 ; the resalt is the reijuired lead. 

tUa nla dw ftUowinff taUa bu ban aamtmalML 

( 

TABLK No. XIS.-OP RKULTn'E TliWiil. HP \Nr> IJtADi FOR A 

w <iifMTtM unnwioN or about ti pkr cknt or thb stbokb 
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Tlie c<iQt«nte of thiii and the preeeding tables, are really 
all tliat ia required for practical purposes, and supersede any 
I Inrthar oaUnilation, aa tba pnpoitiaai of Up, lead, and 
I Inval thanin followad oat, art nDlfomny applieabto b 
' locomotives worked with a tiiili-niiition. Tiie travels noted 
in these tables are competent tor a maximum adntission of 
about 76 per cent., and the shortening of the travel in the 
MMal wajr by tba link, aflatda la all caaeo tba aama AaUit/ 
l»r ahortaBinf fbo admbaion. Tito perioda of adniiaiM 
are thus entirely under eontrul; and wiih tho n rtuinty uf 
regulating them with facility and ac4<u]-aey, the other events 
of tlie disiribotias any safely be left to take care of them- 
selves. We may conclude tba obqplsr wilb tba fgUowiiy 
table. No. XX., showini; the nlstivodiatribatiOBferavalva 
of tint RtaiKlard |>rn]>urii<>n«. with admissions variud frona 
73'6 to 12 per cetil., by r<sduciug tha travel to the vaioes 
stated in the last two columns. 

I In tbia tabla^ it is made tbtiam bow onafaalljtba tmml 
b varfad for nearly equal varlatioRa of admiariont tha 
variaiinn i.i ^r-atest about full g»ftr. and U smMcsi at 
mid guar ; as, while tha £rst interval is I inch, the last is 
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Mctor. M to regulate tbe gnita «t vxfuamm hj equal id- 

tcrvals of a'imis'<ion, Win:; for tliat object more clnsflv |>laerd 
towards mid geMi bat it is clear ihax, w iV iacli of travel 
ntakee all tbe difference between 12 and 80 per eent. of 
WhwiMtlHIi tht ««''«-f-», to «flh«ti»e few high aiymion. 
•iMNtM at an tinea be iiMuntMmd in tlie heat aHer. Tlie 
»i>ar of tlio valvi- ;;r.ir. tlKni^h nf ooune it shortene the 
travel, neverthelees opeiawa directly indelaving; the events 
«f tlM^iltoibMieBi and is really equivalent to an incn-Ass of 
liml, aa % pmiir admiBaion ie tlie naolt. Tbe •laekneas 
heiaaatal to worn valve-gear permitt tlie ralve t« alagger" 
or remain ft^it'imary foreome time at eaeh end of if? Inivi l, 
*Mk tuning tin eenti^i thus tbe motion ia aaMinilaied to 
that dafifnUe tim mh w d to, MiAdhnpl.. 
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OF THE MECHANICAL ACTION OF STEAM IN 
THE LOCOMOTIVE. 

niArr^Pi i. 

fuUKBIA&T ChaTTEB OS TBB PsorBKTinB OF StBAM 

am ornn Omm. 

PRKMrDUi, density, and tempi^ralure, are the important 
charaetetiatiea of eteam { ae thtj we thoee prepertlea which 
regulate the eanunnieil prednetion and npplleaiion of atean | 

power. Ptfain, aa u is .iiTiciialjlt! to (lie riiriinic:n 
of gaeecu'" fluids ; nnd accnrdir.g to thcst laws, the pri'sjujf, 
the d4Risit_v. and the temperature, bear fixed relations to one 
•■aiiMr. Tbe iofinenea of tam|Mratttra on the cxpanaion 
ol gaaee under oorataat pteasurea, ia nearly ualfiDrai for eqnal 
incremcnta of tciiipcrtiluM', and i.i nr-.irly th? ."aiiK- fnr dif- 
fercDt gsees. 1 or the t[ifcl:il t4ii)|)cniturn Mlncn c\>iic!iru 

(Im jpedbrmaDoe of locuiiu'itiTf.i, ilu- rate of cxpani^ian is > 
MiaiUjr conatanL We do not, of ooutae, refer to tbe (em- 
peratorM mtdag b tbe fcv-baat, but to tboaa wbieh eeemr 
in the boiler aud the «.fn"Ai^V'i.x, rari ty i^xi-wdinr; fl-'O^and 
ijOU" Fahrenheit. The nUs ul cxjjoiistuu uf tbe dkU'cmut 
gaaee of combustion dischai^ed from tbe locomotive furnace— 
tbe prineijpal of wliidi ate air, ailrogaa, carbeoie onkie^ and 
mHinm add "Jo not Twy nbow <wi»te»himdindih lettiwti 
lk» aniDDn and ■iiima nt*. TIm ogmAim tf air 



maj thanCm be aamned to npreeent that of ethw fMM, 
and {t(eftind^ifcoblMl«piAHii(o,thrtnir eqpnrii 

rivtb of itA votumo at tf» fcr iiah iapta of t— pewtne 

eomiuunieated. 

The r^ion betwixt pwuti and vri|>:in<', under eonstant 
terapemtnea ia nlap aaHihlj mlibrai witbin ordinal; limita. 
For an evpanaiea oFlbar tinwetbe imiM To]BiBn,eitpet4miMa 

ou vurioui •z^fcft pIujw a wrro«pon<ling cKiiiiiiiilion of prsv 
•ure iu tho ratit* of I to 3 99, or, seujihly, I to 4. The 
condition of eonetant temperature involved by this ratio, 
doee not in ail eoata liold with tlie axpnaeion «f eteoia 
in tbe eylhtder of the loeeaotlvei, ae the nainMBaaee ef • 
eiitiil.mt tcm[i<Taf urrt duriiirf an enlarqemenf of ^'otutni-, 
imphca (in acciasiou of ln^at Uf the jstvam, which »u luauy 
eaaee there ie no enffieient meane of snpplying. It ia 
tnte that, hi inaide 4^1indeni, the teoipenktnre of tlw 
gaaee by whieii they are mvdoped, when Ineh aed in the 
pmoke-boT, ia niinallv lii;;l>r'r than that of the stfSm oon- 
lAtued In thviii, M\d. it btisu prwved that uiid«i' most 
favourable cireumRlaneea, the ateam ie maintained at a 
aenaibij eeastant temperatore. With eylinden, liowever, 
wiueh at* draitpad Win the molw^oi, ia the eaae of 
Bury's coupled engines, it is probable that their mean tem- 
perature ie lower than that of the steam. It is, however, 
domonstrablo that outside eyiindera only partially pro- 
tected, or not imteetod at all, ooodeoae to a certain extant 
the itaun whioh p—en thnqg^ than, omiag to their 
inferior temperature; and the insufficiency of teraperatare 
must be {greater, in proportion a* the steam is more expan- 
sively worked. It tljcii. uidy u-.jdi r the most favourable 
eonditkns, when the suMlie-box virtnallj diaefaat^gee a fat- 
tion «f tin dn^y «f <be other mi of the boiler, that Iho 
temperature of the steam can be eacpoalad to faania tolei^ 
ably constant durinsr expansion. 

The total or coimituciit he.it of saturated stMrn, — or 
atean foimed in eootact with the water from wbieh it ia 
fHteMlod,-^ at all t eai p eia t am ee|MHmbio into two porta, 
latent and sensible heat. The sensible heat is that indicated 
by the thermometer, and it varies with the pressure. The 
klent heat absorbed during the conversion of water into 
steam, eonetimtee bj &r tbe gieater projiortioiB el the total 
heat. Tho eiperiotenle «f Begaaolt boeo enperseded theao 
of previeoa experimenters; and whereas it was fonnerly 
supposed that the snm of tbe latent and sensible beats was 
a i-onsiant (juant.ty for al! teiiipi^raturt*. — the one varying 
in versel/ with the other, — Kegnault haa proved that the total 
heat ia i w aaei with the tanpentnre. Thna. Ar eatnnted 

atCBBof and we (laTp thn finllowini; valoait , 

Ifmnn. TcmpcnlAm. Itimx HnL TatMj ITn*. 

ta-Tibft 111* tm^ itTa^ 
W Ibk Wl*4 isii*-> 

The diffeniaee of total h«it ia, in this ease, 33* in favour 
of tho h^^ier pnaaon. It appean, then, that Igrexpanaion, 
perlietlj di7 and woU pratoetod aleam ImomeoeGfhilyeaib 

charged, in virtue of tlie excess of tolut h. :tt iluc to hi^er 
pressarcs; and should it contain a puitiou uf waler in a 
state of suspension, as usually oc«ur* in locomotives, a small 
part of this water mnal bo eveporated daring exponaioB, 
thereby redncing llw dead of water ia Mtftatim, 
to bo opelM thiMii^ the ashaait panma. 
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For itMm •Dd lor gM«* g«nerallv, the folluwiug ratio* 
a»jt liMD what bM bem awii, be adi^ited without error : — 

With a tnilmt tmftrmlmr*, tb* pnmn mm moffy 
m tbe dmntT, ukI nmimly th* Tolnms. Thu m kanra 

II Doyle or Marriott.:'? law. 

With a eoMlaHt pnmurt, cvpansion in uniform under > 
BBi&rni acccMion of hekt, or ri w «i' ti inperulurr, m tlirj rate 
of xiitbofdwvolaBeat22'forMMbil<gm«{ b«»t. 14 
tben, wwadil <4M* — Sr) or 468* to the indie* ted t«npM»- 

lurc-, tlip sum fiiriN'tly as tllO total volume Iv i xi.iiljsloil. 
Mid iatcrsely m Uie (lenitity. Thia is known an tlie iaw of 
Oajr Liusac. 

With »«iiMliMl ipfiiwn or duMitj, th« inofWM of |ino- 
■an ii lurilbnnlyTTvdi-of that MtT, i»r imIi 

timiperature ai .[iiir<'.I, and adding, as in Uk- pn'viun.j rusi", 
^8° to the iutiicitttsd temperature, the muu i« directly ^ 
Ibo total piMaare. 

As a|>plied to ataaro, tbcoo latios have a gnaial refer- 
•naa to it fai a stato of iaobtion. They lilce«faa law upon 

satuiati-ii hte.im as r.ii-i. il In ihe onllniiry Iwiler, thoup^h the 
conditions under winch «t«iuii lu the boiler ia generated are 
oC « apaciiia aature. With a ouastaut umipersture, the 
daoaity and pt ia mr o an alio oouataatt and wbcnaa, with 
iaolatod alMun. ona of tbooo tbno aiomoBto mar nmoiD eon- 
staijl, \>liilc the t',10 uthem vary in jirn|iiirtiu[i tu ^■■\':■\^ ij'.\>T, 
in the ratios alrcailv staled, with ■.itatu over water, tii» 
three ekments mu«l vary in oominon. And, u one deniity, 
000 pneeure, and ozte temperature, invoriabijr ooonr io eon- 
jonotioii, alioaU aDj one of tlio (lenNDto bo «liaogcd, m 

(leftliitr riirrf>|v ni!ini; nUi ruti'Hi LaVr? ^'.n<T: in (lii/ rfiiinitiii 
t»u. Sit^aiu piiiduciij over water, tlicrofore, ■■ neeeasarily, 
as satorated steam. ' at it* wtiiiHW damilj Mid piaaauw 
for ita tamparatuM.* 

It fanMn,«bM if a ^oautitfarMtiintod otaam bo iootatocl. 
aivl a [.ail of its heat be witli innvii, the decuity ai;.! i>r>-i<- 
sure will lall, by the preeipitatiuu ul a quantity of thu ^icistui 
«a water. 

Au aaeiaiiaB of boat to tho tamo iaolalod votiime, raisei 
tbo taiii|iaHrt«fa nd imamm, the volnme atid ileoaity being 

constant. Tli-i stiili- .if sr»tiirati<in era**-, aiul t!n^ ^.tcam 
diettngtlished is utrc/iaiytJ ujlJa iicat, m it p(i*s..-asts u 
quantity of heat j;reater than thai which is due to its density 
0T«r water. And it would, woro it plaoed io eon tact witb 
watar of tho origiBal taatpantdi*, ova|MWgtB » paM af ih* 
water by the communication of tlic surafaMjpof baattasd 
resume ite original eUUe of aaturattuu. 

Though the bw of the formation of saturated iteftm has 
baoD tbo aabjoot of naeb and variod «i{MriinMitiiig, it ean 
■o yot bo mchad oalj by tho idd of ODi|i{riaal fenaidaa. 
The weight of a cubic foot of steam at SI 2° raised from 
water under the ordinary atmospheric pressure, naniely, 
U 7 U«. per sqnare inch, is 0-03666 pounds, and this is an 
exproaaiMi of tbo donai^ of tlM otcaai, aa wo^bt ia a direct 
■ Mo w a of maaa ar qnoti^ of aMIar. A coUo Ibot of 

pMO water at 6t* weighs 62 321 lbs. ; and the aaoeruined 
rAatif* t«lunu of satnreted stmni produeed under the at- 

mo^plieric [irrssiire, 1700 tiinrs that of tho water at 62^ 

vf which it ia made ; tberofbro ifVvtb of tbo woigbt of a 
eubio bol of (Ua watar, wpiiiaia the waigbt of aa «)aal 
bulb of tka •IcMi ae iifiMcit aad it waa i* dua «aj that 



the weight of ataaro, already noted, wa.« dvtertiuuod. From 

tlieae data, with Ihi aid of the ratios already eetabliabed, 

tho reUtioBO of fM aw a, wluaw, and tMDpentiri wuf be 

expremd. Tboa, 

Lot /> — the UtUi imasore in poonds per squsn incii. 
( — the temperalnie in dt^greos at Fahrenbeit, 
0 — die rplatir vi lum.'. nr th« anaibtr «f tfaiaa diet Ifao 
tqIudw tif tti.' ^I«'ulll L-oiiiaina lha eifano of Iha waHr 

from wfiH'h ii ]o .■.-iiiT.T<-'J. 
<ir~> thi' wfj^'l t .it ..II-.- i-vi':.;- f..'.;, In |i..iir.iN. 

TliMi, to find tiie rtiatiM tolunu of etcom of a given pre«- 
eore ^ aad tanporatwo t, wo mj mfkf tbo dabt fMwd 
by experimoDt Ibr aaUMtod alwaa of ataHMpbem preaano, 
and throw tbem into (bo ntioa aeeordiiiK to wMdi ataam 
COntiaCta or aipanda andrr pressure and heat. Tbn^ 

or bj aimplification, ^ 

,-37-3l^« + '> (1.) 

p 

The prtfiare ot steam per squaru inch, in terms cf the 
relative volurn. and the tOBpomtttM^ ia dadnoiUo diiMtljr 

from liMriiiula ( 1 ) 

p_37.3l*»8+i) PL) 

ir 

The Umprraturt uf «>leam in terms of Ui« rditifo nhmo 
and tbo pnoBore^ i*. from llw aamo feiinyla, 

«—''-4JS0 (3.) 

The M wj f rito ar dcaaitjof ataam ia inversely as the niatire 

roliime. At a eabie foot of water at €2° weighs 6S'3S1 liio,, 

ilivi.l.: tlii.^ liv the r. i.iiivv vohuBak wul tlM i|BatiaBt 11 tho 

weight of the steam, thus 



Tbcoo fammlio may be iiyiiwaail In wwda ac followj— 

Ift i.i: T. — To fihii tht nlalirt rolttvu of <<<>(iin.— Add 4riS 
ta tlm temperature ; divide the sum su found bjr tbe tuliil 
]iressar»t and wnltiplj kj S7'S t tbo ptodaot ia the lolatlvo 
volomoi 

to thi' ivMiperature, ihviili> the sum by the rrlative volume, 
^iid multiply by 37 ,> ; Uie product is the total pre.Mure. 

RliLK III. — To fiud ikt ttmprraturt of lUam. — Multiply 
tho total pieaiare bj tbe ndaiivo Toiano^ and divide bjr 
ST'S; fi«m tho quotient anbtnet 468 ; tbo naiainder ia tho 

tcTrifif r;-,tiiri^, 

livLK W .—To /ltd tbt ir«>U ^<<«MN.— Divide 62321 
by thi t. lativ* Tolamo: tbo fnotiiut ia tba weight par 

cubi« fool. 

Pratt tho irregular manner in which atean b feimed in 

the locomotive boiler, apfl frrr,, „tlit r pourrea of error, iheite, 
the ordinary formula) fur suuui, ;ttc applicable only under 
restrictions. It is, however, useful and necessary to know 
tbo moot that ean pomiblj '« made of water oonroirted into 
ataam,— and tbo mashaoffi i> raatiaod only wltea tho latter 

is perfectly dry ; — it is therefore expedient to adopt for our 
guidance an orthodox table (No. XXI.) of the corresponding 
pressures, temperatures, and volumes of saturated steam, 
within tiie limita emplojrcd in locomotive*, and to famiah 
the BitiOBaiy data far conaelioB whni tba diipeiablo power 
of tha baoawtioa falla tndar diaaaaaioo. Tb» calanma ef 
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TABLE No. m-THB PROPBRTIU OF MTIMIID CTKAH. 
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pressure and tempereture are tin.' Jiri'(( n^sulU of Mr. Rpg- 
uuU'a uperiiiiMitB, tiw tMctaurjr intetpolMisat beiqg UHKle 
fnni 41m 4«t» aupplM liy biw by mtm tS * timfit Imnola 

rc^ulff* v.irv lint sli^^liiU 
fruMi those long since deduced bv Pujiil>our. iki';.'uauU Urn 
uot yt't publialied his obBcrrations on the relative ¥ollinii» 
of st«Mu. Xlio mlamn uodw thia bnding baa baeti cmd- 
poaaA in tarm «f Um pt«aaiii«a Md tanpentiin^ bjBMHM 
«f tba iiiUoa timdy aDBauiead aa ngulatkng tkt tobuiiff «r 



gawa lUHkr Tarjing jiraanraa md tempe rat urea »eparateij. 
Tbia iMdaof Matiag dw ralalifia TChuMa ia cmbadied in 
the first formula, and waa eiuplojrad bj P8nib(jur, aa he 
very properlT conceived that, in obadieooa to the general 
law«< of gxifH in n-hiijun t« heat and pressure, the relative 
votunie of aaturatad steam kitouid be dadudUa from the 
jaint applifiliaB «f Qmt kwa:— fcowitig Na w* do tbal 
the prvmure of steam over water does not riaa witliral Ik 
corresponding elevation of temperature. 

The fourth column cont.iinN ii;i' ("t:*! ln-iit uf tlie .Hteaiu 
at vartona p rc a w iraa t baing the results of direct ei|>criuivut 
by Baguult. 

The fifth roltimn rmilairis the wei};ht of a cubic foot of 
dry i>uturat(ni mvMi at the siven {tressares, determined bjr 
dividing 6S^321 lbs., the weight if • ailUa Ibat flfwilir St 
6i\ by tba ralMhra Tolaofta. 

Mathm llMat— It ta wall wtdafalsad (hat aUam, ^ 
tinimpiiJed, moves with ui)Maiii|)Ir-d vetnoity from ana locality 
to another, under slight iiid'eri'iicej uf |iri.^«!iLirc. Neither 
tlio nioveraetita nor tb« coottitution of eteam, are, however, 
in practiea, ao aimplo aa m aboald like tham ; and purtial 
rules appliad without qtulififattaii to tlw fenoar laad to 
results cjuili' Jivrrsc from tlii fnet of the matter OS when 
applied to Ijiitvr element. It is nevertheless important 
tliat the conditions of th« Ire* notion of steam should be 
exhibited, for thev will ranwin aa • standard to wbieb we 
may osefutly seek to adapt tha actual aomditiou of bMKNOOtiw 
mechaniiiiii. 

Steam uiay How into a vacuum, or it may deliver iui if 
into the atmosphere; or, further, it may flow into steam of leas 
daaaity, Tha oonditiana of ila flow in tha firat and bi tbo , 
othar eaaaa aro difinraot; aa, hi tba aaeaod aaao, for «iam|iila, 
^ i-7 or appro)!iniati»ly l ") uT ii.t total prcsjuire go 
fur nothing in couuteractinf; the almoiipbvni- rcKiHlrince, 
before the slightest motion is possible. Thus, in iIh- .''i-cond 
case, at ail ptoaauna, the motion of tha ataam is due aoldjr (o 
the dilWtiKOof ita iaherent pressuraaod that of tha atmoa- 
[iliprp. Tiic ordinary metliii>ii of citiiiiali:i^' tlio vrtucify nf tlu' 
liowol gsKi-aor liquids uniier prf--<iiri'. is foniideii on ihuUws 
of fallinz bodies ; it is a very beautiful applicatioa of the 
law of gravitation, and it yiaida rcaolu aiinpiy aad diiaetly. 
A quantity of ataam-conflned In a bailor, at a givni praaaara 
and known iK-n.-iitv, flnw intn a vncuuni through an 

Opening from tlie boiltir with a et^naiu iuiti^ velocity, and 
this velocity would b« the aaine aa tliat which would ba 
givcft t« » lM|HU«f tha aao* might aa tbo ataani, flowing 
out imdar tha aama p iaa auw . Tha wloeity of aflax 
ferrod to, wlicn utirdtarJfd liy pliycical olKtrui'tiuns, is pre- 
cisely that which the liquid would acquire in falling throngh 
the height of a column «t tha aaiu Kflid, 1 Inch squarr, 
equal in weight to the preasaraof tha ataan par afoara indi. 
By the lavni of falling bodies, H la haown that tha valoelty, a, 
acquired in falling friolj through any height A, is eipial 
to sight tinaa tbo ai|aaw foot of tba baijcht, or • *= 8 ^ A. 
Thua tbo valocity of attoz into m vacnom k drtenilnabl^ 
and tho folIijwin:z ^-i. the mctliM.I 'if findiiij; it. 

Uiven, the U>ul pf«a»ur« of tlie suani. which we .lupjiose 
to ba aatmated, as in all ordinary c.'i.<"^ ii is; divide the 
picaima par litaii bj tbo weight of a eabie foot of the ataaan 
aa finmd in tba iiU^ tha ^tient ia tha liafglit of • nni- 
farm aolunm af ataan, 1 fiiat aqoan^ cfnal ta waigbt to tha 
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prMsara of tlie steam per equarn inch; niultiply the quo- 
timt M found by 144, the number of aquwe inehM in s 
•fian £i»t <f bMt, Mid Uw frndoal it llw haiglit of • 
MM-iadi wpiHv witm «l dw itaw cqHl in m^hft to 

the gWrn [ r- iro of th»t ptpam on the Mjoare inch. 
The aritbmetical pfoccM Dor finding thu height ie Uuu i»- 

iinii th(y vetwitj ol low into ftncWB to tolBH of this 

height, is 

SuS^ti tilting in this nymMOB, «ka ISIm «f k fNflOMlj 
fotmil, vre luve 

•riiDiilifyi'Dg^ 

— 

Thp followiuj is the verbal eipreeaion of this formula: — 
BcL« v.— To jmi Urn tih tHf ^eHk wUak mlm r ml i d tttam 
jtott* frtAij into a «MMMi.^DiTid* total pnann par 
(qoare iurli, in pounds, by thu! f>f a nibie foot of the 

»t«am, in pounds, and find the a^usro root of the quotient ; 
nDltifl7tU>iMidt^ft6,tlMin4RC(ind»filiiiMdnlM!ity 

Jf«to.— ^BhonU ■tawn \» ameharesA, fbt might mnj 

Iki fiiuiiJ by meane ofth« nil'-s prfvlouslv e--l.iHi5!n J. 

Example 1. — Given, saluralcd oteaai ui \i Win, Wtal 
pr««sure ; to find the velocity of elBai into a raeuam. A 
cubic foot of 15 lbs. st«iun vvigho HI378 Ib^ and Ift -i- '0373 
B 401-7. Then, ^ViX I X »6 s 19t4 fcM par aeMOil, ia 
iii(f velocity of cfliux of 15 lb«. steaiu into a vacouni. 

£sain|>ie 2. — Criven, tatanited stram of 100 ib«. total 
ItOisure. A cubic foot weighs -2127 lb., and 100 + -21 S7 
n And ^(470-1) x 96 = S081 feat jmr aecond. 

Tbcae two examples show that aatsratad ateam of higher 
}iris3uri- flowa into i vifuum with a trl:1fl trrfSfer velocity 
than steam of luwer pressacc; and only a (riiie greater, 
baiaig to aajr ease but a small fractiM aim or below 2000 
fttt par aaaiiad. naaonof thanearaqpriitjrofqMeds 
otoenralilok ia dua to the danaltj or weigtit^of Aa mass of 
saturated steam to Ix' iiuived, increasing nearly as rapidly as 
the pressure. If tbcv i n >-rt o^^td at the tame rate, the velocity 
would be aisQ the &anis. Tho propoition of the presture 
raftior exeoada that of the deiuity, and heooa the alight 
pr<'|>uii Jeraaea of vatoeity at the higher pressurea. 

.\:;ain, ^ question whirli innn''di.-it(.'ly riitnTrns the loco- 
motive, is to find the velocity of tlie fr«e flow ot steam iiito 
tho MnMMplian^ or lata atiaui of inferior density. In this 
aaaa^ tlw iSfinmm of paanna ia tho monif fom, aod tlie 
ataam of grtatar danaitj la tba maaa to (e moTod. nere- 
fore, th(» velocity of free efflux is that due tn tlm lio'^^Jt of 
a column of the steam of greater density, one inch square, 
equal in weight to tho dilanBCa of pressures per square 
■mil. Thaa, if / bo tba pnania of th« weakar medium 
(tbe atnKwplifra, or tha ataam of ialerior prataore), and p and 
V as In-futc, till- prci-.^urc iind wci;;Iit of tlit- stronger steam, 
then, bj a modi)ica(ioo of foraiuia (S), we bava 



[| (M 

Iexprwsed at length as follows :— 
Rdlb To find A» rttoeity teiti irlfaj WtolWlrf H— 
ficmt/nO^ toa» Ito tut mmfk w, sr tola Hmm %MW> 
prmmm. — ^Talta tha difbrroea of pnararta of tha two steams 

for t!;e cfTfi-tlvp pi-c.^ur*- ; divjilc the ciTtctive pressure in 
pounii.i pfi- in' ii, by tho weight of a cubic fcot of the d<rna«r 
steam, in pounds; and multiply the square root of the quo- 
tient bj 9& XIm pradaat la tha la^nind -rabcity to Imt 
par aaaond* 

Enamplpi 1. — Givpn, itt<>ani of 16 lbs. total pre««nrf, to 
find the veloeiu of fi-ife elflux ti.to lite atmosphere. — Talcing 
the eounter-presanre of the atmoiphent at IS lbs., whieh we 
I shall do in all caeoe, wa have 16 — 15, or 1 lb., f or the 
effective pressure. Then 1 -s- -597 = 25-19: and ^2^19 
X $6 — 8 fi-rt [KT sfcond, the velocity required. 

In tiie same way, the veiocitr of satarsted steam of any 
other preasure, freely flowing into tha atowapbara, maj ba 
obtainad. and tha foUoariag ia • whrtlaii of tbaiaaidtaiio 
found i— 

TABU Sfa. TO^-at TBI vFLocrrr or freb Erruix or ntJM 

INTO T8S ATHOaPHEHB or IS IJlS. PMKzsURK. 
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Here it is ohscrvaiUa thali with atdj 1 Ok affaetive pres- 
sure, tiie velocity does notMMUtto MO bol fir aaooad,-» 
an inferiority in eomparison with tha vrfarfty Into a raeaam, 

(ixkiti^; to the conijiirativdy *niall prisaurc Bvailablu for 
moving a mass of steam of 16 JUs. total pretaure. I'he 
dilEcnlty is, however, got over aa the pre»»ure rises, for the 
propartional laaiatoiMa of tha almaapliara toooaua liai^ and 
at 190 Ifaa. efoetiro pnaiare tba nioeity reaahaa SOOO ftat. 

Hut, iritvrinr though tin; v< l,>oilv of 1 lb. steam may be, 
it t» gn at^r than wliat is duo to higher prsasuiee, when tl*e 
^ -<ame otTective pressure exists. ThlM, thO Vtiacitjr of tho 

, free flow of 101 Ito. ataam, total piamn^ into «t«am of 
ij lOO lbs., wliara tha aflectira praaanra it llh., aa in the pre- 

viou'i cast.', amounts to only l!07 fict per sccotifl. In tliis 
1 iiisunois wliiie the moving pressure is the same as in tlie 
other, the denafty or maaa of tha ataam to ba motad ia 
greatlj anperior. 

The nazt and laat qnaatfan wfal^ raqnitaa aoDaidmtion 
ts rrhttivu to (lie determination of the inferior prceaure, 
when the superior one and the velocity of efflux are given. 
We may readily suppose a ease in which a solution of this 
question would be dveainUa. For onHnpla, to find what 
ought to bo the presnre aziathif in tha eylindar of tba 

to 'oinotivf", Mero there lio rl•.^i^tallce by frii'tiiiii, I'CnJs, &0., 

when the piston moves at a given speed, and the pressure 
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ia lh« boHar and the opcBiaj of r^ipilator «n kaomi. T)m 
Amh (C.) lor Ttboi^ smm^ Mqain* to ba initoi 

^'-'-S w 

Wli r;'.- the foltowinp; ml*': — 

Bvu VII, — To find tin preMtra to viick mturaUd tleam 
h wAMwi, veiien it Jiote$ fruttf, vith a ^tmt *«locHy,/r«m 
•M «MHi Miv tuuUur.—Uvilitlj the aqaiM of llu ralooitjr 
in ftft ptr Neand, hj tha wti^l* in pouda of a aolHa Ibet 
of sti'ifii rjf the initial toUl preuurv, and JivM* llie jim Juct 
b^' if2.l6. The quotient thus foucd expresses tho dilicreuco 
of the initial and final pn«ares; subtract thin quotient 
£rem ih» givm initial ftmtm, and tha faoiaiadar ia tha 
ladoaad tobd pnianiv aon^lrt. 

Fxam|ilf. — Oivi-B, satufatoi! tUim of 101 llis, total pres- 
sure, flowing at a spceJ of 2U7 fet't per Ktxuud, wiiat 141 tJis 
reduced preMiire! The M^ig'it of a cubic foot of 101 lbs. 
ataam ia 2149 Ifaa. TImd, ^2149 X 207* •+• «> 1 lik, 
tfca diftrauea tt {maanrai thanfbm 100 Iba. Ia tha ndnead 

total presaure. 

0/ the km of prmure gaieraU\) vhich accrmjMMitt lie 
moremeatt of $Uam. — It has been aeen that a reduction of 
fnaiun^ gtiat or aouU, aatiaiariljr aeeonpaniaa avan tiia 
hm motUw of atMan, tiM dlftfonaa Mag aaMUMiad in 
communicating that motion. Rj far the beafiett lotaea 
are, however, dixti to r«4i»Unc«« of bends and euperficial 
frictiun of pipes, iio. These of course vary witli ev.fry 
arrangeoMBt of steM»'faaiagaa> Morin liaa found from 
aBpaiimot m alaliaaaiy anginaa and htOmt, tin* Um 
lOMM, on various accounts, follow theM general ratios : — 

The difierenc« of preauirea ia the boiler and the cylinder 
is, 1st, As the dtnailj af tha ataaB* awl ai tb* a^nan of 
thoaposdofpistoa. 

td. Aathaaqnanaf tba ntto «f an* af piitaB ta aroM 
aaetion of at«am-pip«. 

3d, As a factor dependent on bends and friction. 

Tlio permanent il;liVrenrtt of pressure caused hy passing 

through a stricture in a pipe, otherwiw of aniform diameter 
bsfera and behind the stricture, is as the deoiitj of the 
steam, and as the square of the differenoa af apoada thwngh 
the larger and unaUer paita of the pipe. 

The friatknaf AftildAiaiiglta pipa i^llt» Aa ika iHgth 
directlj. 

Sd, Aa the dlamalar bmmij. 

3d, As the square of the veloeitj dSfaetlj'. 

4th, As the density direetly. 

It is iie«dlisa at preSfUt to attempt to affix absolulo Tallies 
to anj of these ratios. Estimates of actual lo&s wiii be 
aara taadlljr fiMmd mlm wa haTo bofore os the reaohs of 
apaoial atparimanta of onr own. Tha gsnarai aiMmmiant 
of the boiler and steam-passages of loeomotivaa li ao awoh 
after one- miidel, that we anticipate little diAni^ In 
daoiiig the ^oaaliea of leaa to a aimpb ibnn. 



GHAFIElt IL 

Of tn DsHATIOTTl OP SffEAM IS TDK OtL!"!^?1i ; OF tU 

IvDicuoa; Aso or ma SttitAM.-DuMAiK, 

As tka alaam ia amnmbarad with difataa miatanaaa b the 

course of its passage from the boiler, through the 1 v!in<ter, 
into the atmoephere, iu cvudition under such cireumstaneei, 
to b« understood, must be subjected to special observation. 
Tha gntoial lawa af ataam afibrd ai^ggaationa, but 
under aalnal a imw a alan a M , Uttf aia aoflMsnt simply as 

guides; and the aid of tho icdicifor i<i r-i^rintial forsan^ 
plete and systematic iuvcatigatioa b( iU acliuu. 

The steam-mdieator is an instrument which is connected 
dirsetlj with the interior of the cgrlindar, and nigiataia tha 
TsrialiaBB af pnaanta vbiA aeev dirragboH the danUa 

stroke of the piston. Two furma of the instrument, — tlir>s.> 
of Mr. Oooch, and Mr. M 'Naught, ^ — have Wa, in tliis 
country, applied to locomotives. The more perfect in- 
stmnMit ia that daaigned iijr Mr, Qaoob, empkirad by him 
in cwMf ai rth i g the RiperCmenta an TVim Beiiataneaa. npan 
the Bristol and Exi-lcr Railway, and regularly applied to 
the locomotives of the Ureat Western Bwlway. The whok 

appniMis ihawa ftMnqr Fqp. ftTaad 8^ b aoilaiMd 




in a chest, and eomprises two motions ; one for ahUlii^ Iht 
I paper daatined to waai*a tha diyaiw^ the athar fcKiMf- 
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mittins; ami regittering tile »Uatii-preMni». The Uble L, 
fixL'<l arruss the ch»mb«r, carriea the ftftMmttce on 
vfaMi tlw dingtwu an iBMribcd. Tlie paper, piepand in 
■tiljM of eootMarabte length, }s passed re^Urly aefOM i\m 
taMc, wliile the iujtruMu.-iit is in o]»er»tion. so sl^it a i-nti- 
tinuouj diagr»Q) may 1<« obuiued, to represent the perioJictd 
BjoTemrDis of til* 8t«am throughout several turns of the 
wfaMi, or double strokes of tha piaton. For Uii* pOtpiM. 
tuo decpl}' flanged rollers, B,<), an awpanded near tht 

hr>t(om nf tlie chest ; on one 'A lljtni, C, a nit uf paper is 

eoilvd, tlra (vw end of which is pammi ovi r guiding rollers, 
aanwa the table, betwaao Ik* driving ruik'n d, aud tennin- 
ntaa and is fiMd on tha mtfAy rollar B. Iha fap«r is kept 
tsnt on the table and rollers by meana af weights e, r, 
opposed to <'a<!i ulhc-r aiiJ coniici-tfd hy liin's which ooil 
upon barrels on the axes of the papcsr-rollers, and coupled lo 
hj raldiaia ad apring palls. Tba ptpar ia pinalnd 
the rollers n, to yield the ueeeatary traction ; and 
tha npp«r roller is driven, through niitr»-gear, by a band 
from tlic drivicr axlu umr tlic pullaj 4, whiah avj ba 
thrown out of gear when necessary^ 

Tha pfaaawa-ajrlindar a, dunn In dataii, M« is 
flonpled directly to the engin»^liadar by 
ling. The piston a is of ^ 
•teel, hollow, tDrnpd to fit 
tha (grlindar, wiihont pack- 
tag; aodoadj tt^Ht to p«r- 
mit steam to pass. It l» 
thus made at once friction- 
less and practically ti^'ht. 
A amaU h(d« ia driUad in tha 
camier of the cgrlfaidsr, t* 
maintain atmosphcrie pres- 
sure on the outer fac« of the 
piston. Thu fiiatoii is ?<>- 
enad direotly by its rod ta the double elliptic spring i. This 
^;ate is liakad Ca me cad af dwlvaer tin athar and of 
which Tarries tli? pencil; and under the action of steam-pres- 
sure, the pencil uiOTes over the paper in the circular ore shown 
in dot lines. The pencil L, is sdjuslabl>' i.n a tr.n.sv. i sc >liiii.- 
(aot shown ia plan) to stand opposita tha indicator pencil when 
■traat. b«hb«a«ditiaii,whia the paper iadimmaanai (be 
table, both p«'iir-ils describe the almospherie Une; and the 
pencil I., cuutiuues to do so while the other is employed in 
describing the diagram. A third pon i il m ii aciLuUed by the 
cfoaa head of tha angiBe^atMi, and iu function ia to ooti^ 
the wrffalef ftMpMonatamyliilfetMhek Thteylinder* 
casting. Fig. 83, is uf brass, bored ont; h ii llio coupling, 
e, th« aloieo valve Ui open or elose the c«uiuiuiicat;uu 
Unm the qrlinders ; and the waste passage d, admits of 
Khmtag dmngh to dear out water, Ae. The piston has 
1 aqun ipdi of an* ; the spring is fiimad of t«o plates 

of btcol, \i iiR-li broad, ijicti llii<;k at Irjiilltf-. A inch 'tt 
ends, and 12 inches *pan unloaJEd, with 4t inciies total 
taiida compass. The arms of the lever are 2t and 6f inches 
kmbinthantieofl to2'48. Thus a large scale of d»H(ntB 
ia ebtauied, irith a anndl lai^ of piston,—* ■attar of 
importance at high speeds, when the disturbing influein-^ 
of tha momentum of the reciprocating paru come into 

1^' 




M'Nanglit'fl iiultcatur, Fig. 90, ie 8iiii|<Ier and lighter 
than QwehW} and for ordinary pnrpoees it is tolerably 
aSeient. The whide of tlio instniateat 
It of hrasa, exotpt tlie springs and tlieir 

splr.ftlcs, »liith arc of ^teel. Tliii ir- 
dicalor, like the other, cuitsist^ uf lm> 
niotions:' one for carryitij^ luid ehtftin« 
the paper to lecatTa tha diagnyn, and 
the other for regl>tef{»(r the ataus pres- 
sure. The paper is simply Iapp«d ouce 
ronnd the cylinder a, and held by sprii^ 
damps. The cylinder rotates on ita aui, 
aairiad hj the hcaekett dk *Dd is con' 
neeted (a it a ilat apiral spring; 
thus, when the cylinder is drawn round 
by a cord actuated by the croas-head of 
the pi«ton, thn>u;;h one revolution, it i« 
vithdiami hj the action of the apriiig 
when the eord Is relaxed ; and thos its 

alternate mulinii is ni;ul<* to roinoide 
'A'ith ti)« reciprocations of tha piatoii. 
Tlio piston en the spindle </, wort< 
nearly tight and fiietiouless in tbe^li^ 
dcr : when raised by the steam pnasai* 
it tIl-.lcT.,U tho ipriiij: B, to which it is counectcii ; an i rlie 
pencil which fits into a socket carried by the »pindle, wb>u 
tmscd iiMeeeiltaetwith the pepn; traeee a diagram ibw- 
in* the aim pmanre in one end of the cylinder dnriag 
the doeUa atrnke. The piston is fully S inch diameter, 
having | inch area; the t'.usiui) of the sprini; in 
at tlie rete of 40 Ibe. per si^uare inch, to the inch of rise. 

Atcumt tfOt Suam^ofram^Wt htn aeen that wMs 
Goocirs instrument yields a continuous web of diag^sm^ 
M'Naught's is capable only of repeating the diagram oo 
till-- ¥nnnj paper surface. We have remarked, however,— 
what Mr. tiooeh has well eatabliabed, — ^that the reeairiag 
curvee of a eenaecttliTe ecriee art wery elaie npelition ; lad 
M 'Naught's indicator, as it may in general be made to 
register with distinctness dnrins three or four revolutioot, 
on tli.r: sanu' papiT. u^^iuHv tur;:s oul a :< a lis factory diagnuil. 

Fig. 91 is a portion of a diatom takem b; Mr. Oooeh, with 
Ut indioalor» froa the ejiiader of the •Oiaat Britwa* 





hieoaietive on the Oreat Weatam Hallway. The 

p'ii<;rio tiuo A a', 'ir liiiu of no-prtssun-, w.\a i!' »5ribed by tli» 
hlaiiaoary pencil L, alrc^y uajjitd ; and the curve line «»s 
traced by the pencil k, showing the variation of steam pr»- 
tore in the cylinder. The pointa A, B« a', being ai i eef i**iy 
the beginning, end, and reeommeneement of the ftont ttiebi 
then tliB 6<'i;nicn;al linns A a, drawn lliroucli 

points to the radius of the longer arm of the lever carrying 
the paa«a c, «iU «t tha di^pMm U the |«iiilB alad- 
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tanMuly mrrired at by that p«neil, •bowing tbmbj the 
prearare* at the beginning and end of the ■trolce. At erery 

othiT |Hiiiu in the base-line, if similar curv. il unliiiutc? Iio 
raised ta mcvi tlio diagrams, the lengtha of the ordiiia(«8, 
awaaored by scale, are the aiinaltaneou ataaoi pimmm. 
Aa tha paptr is dnm vnt tha tabic at a uniform apted, 

whfl* the apaed of ]MalOII Tariaa durini; the stroke, the in- 

Ifrv.il- I f till- li.i-r-li .c il ii to one inch of stroke arc preatest 
about the poinu a, b, a', \vhcn the motion of (he piston i* 
•loweat. Setting out the divisions, for each inch of stroke, 
Kod allowing far the aogularitiy of tba oauieoting rod, the 
diagram will ba dividad w in tin HiMind ig. 92, in which 

ihu pr<M!9Ure oti ono end flf tht piltn far iMh Of itnlM 

ia clearlj aet forth. 




The diagTiinis from M'Naajrht'* indicator, more directly 
nprescnt thf irjti' ii < f tin.- stcaui. for the pencil moves verti- 
cally in a atnight line ; and the re«ipro«ationa of tho fnjMr 
tn ma wwal y , aa iSuj mn darivad from tho pirtoiHraddiiiNlly 
through a simple lever, ara dOMI JUe those of the ptaton 
on a reduced scale. The atmooplMric line may then be 
adopted for the li nL;th of "ti oke, each ioeh of which is rc- 
praaaotad by an ali<^uot part of tha baa*>lia«i. Parpandionlan 
nM «ft tidi Km will alio •atdwdiagnmntpoiataiiidi. 
eallag tlia aumpoadiag jhwiuim. ^Da, id tiw annexed 
diagnm, lalMn Ij tUa iuteaaMul, tfw alaMiapliario lino 
k», dwoibad by tha ptaafl wMwot ataaat. I* cqaltalaat to 
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aiWHilr l»i«|M« Mnte. 

tha atoaia of piatoot tha anrv*>ftw ail, traced by the pencil, 
•Sbibita the ■n*fia% paonnre of tho ■>U:m\ durin;; the strain 
atnko in tba dlfoetioo ab; and d urini; the return stroke. 
BA, the continuation, ica, represents ainiihirly the bacic 
preaanra duo to ineompUto axhauat. Tha enrre ia thus 
amuigadto bagb and and Id itarif, and it plainly fepreaenta 
tha presanre of the alaam on one aide of the piston dnring a 
double-atroke. Divide the hane-Iine into inches of .stroke, 
of which in thia oa-c tlo-rii uro 20, and at each inch draw 
vertical lines. Similarly, draw a aeriaa of paralleia to the 
baaa, at eqoal fadamb a( iqr> 10 lha, ptaaauro, by tba 
aaala af tha iadiotlar. Thu, tha fataa of tha ataaaint all 




pomta of tbo atnka ia made obviona ; and a diagnaa aa 

divided may be redvead or enlarged, by the ordinary mothod 
of rectanirleji, to other required scalaa of inches and jioun Is. 

Into the general form here deaeril>ed, Mr. Gooch reduces 
all tbo diagnuna taken by himaelf. In doiiy ae^ ha adaeta 
from aaah nU. far ndmtka. tha b«a( ama^ aaro far 
laliMatlia enre. Fig. diaar dw 

atiiv>«phf ric line, A B, Fig. 
94, of a convenient length ; 
dinda it into S4 equal 
parta, aa incbaa of atrofcet 
throngh the poista of dm- 
fion draw rrrficats; setoff 
on the verticals, in order 
from k towards b, hy a eon- 
vaniaBt pioiaara-icala^ tha 
poaMWa piaaanrea maaamad 6tMB tha b a a a Who a b, Ffg. 9S, 
for aacb inch <>f strike ; similarly, from n towards a. Fir;. f)4. 
aet off the back prcHurra in order from B to a, Fii;. 92. 
Through the points so found, trace a curve line as shown. 
Tha cum torminatea in itwU^ and it aaiamaa a form oon- 
Tanlattt far dbfoot rifaraiioa. By tMa vathodf Mr. Ooodi 
baa prepared, from thpir orif^inals, two valaable series of 
diagrams, fifty in niitnl«'r. oblaine*! by himself from the 
cylinder of the (Jrcaf iJrltJiin, which the writer han heiu 
enabled, throng^ the Itindnen of that able inveatigator, to 
aifaniit In oM viav, in dlagram-Pbla 4$ and an^ tbiaa 
who have undergone the fatigue and the risk of a sojoam- 
roent on the buffer-beam, at 60 milfa an hour, with oocaaion- 
al'v a hn.^k siilf wiml to ninkf tlirtn riinsci'tus of how short 
a distance there ia between time and eternity, — thoaa only 
easfailyaifNalalathairaalaab The dli^raaM »a nqgad 
in two aertea ; for the aeoond of theaa, greater initial pc«a- 
surea in general were employed ; and, aa apeeified on the 
margin i.if the pint'-', tlio l.ip of the valvi; %Tas increased, and 
the lead slightly reduced, with tlio view of proio^gi^g the 
perioda of aqanaian, and ef ndnotiig tfM Inti j/mmn. 
They are armnged in tbo order of the notehee and the 
speeds ; and on the body of each diagram are inscribed the 
positive, exliau.*t, and cH'ectivc nuan pres.siir>?5 imlicateil hv it. 

The locomotives which have been made the aubjecta of 
experiment by the author, afv ehiefly thoaa of the Ola^gov 
and South Weiteni, Galedonian, and Edinbnigh and Olaa- 
gow Sailwaya. The pMaetiger-enginea of the Caledonian 
Railway are !>imilar in gentml arrau-eriir iil tn those of the 
London and South Western, — for example, the ' Snako,' 
published in our plates — eylindera outeide, partially am- 
iMMod by the plalaa of the :moke-box ; valTo-dieat inaido, 
with vertical Talvea. The gooiU-enginea have the cylinders 
outsiiJp, horizontal, and hung from the outside < f tlio fnitne, 
entirely clear of the smoke-box, protected by felt and plated 
on the outside and on the front cover ; valv»-ebeat inaide 
the smoke-box, with vertical face. On the Edinbugh and 
Glasgow Railway, all the paasenger-enginca have the eyiindora 
inside the emoke-lmx. 

The followint; tal.le comprises the necessary dimeusious 
of the loconiotivf !! with which experiments have been made 
on the aetioa of ateam ia tha cylhidar t the aetnal atataa of 
lhaTalTaa«lthatiDaar< 
tha table :— 

I 
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Th* tkgMU, FiRS. 98 nd 94i ft to pUn, reneh the || 

lB«lMOOiiiMoftk«itnlM,tli«pniminfidh,nd thefigon i 
tapcn towards the atnionjiluTii- linp. ns it :i]i|iri.a'-lii;j llic ! 
end of the etroke. Cotivfrm'l)', during tlie nuirn of tlic 
piston, — the ulis«rT»tioiis being confined alway* to one «nd 
of th« Bjrlinder, — ih» buk piMMin tX b it H at near » | 
■iBiinini,aiidaitlM pirtmifodt {tamytmraida thswd ' 
of the return, the pressure rises towards a, in prep«nUioa I 
for the beglnninfj of th'^ next steam stroke. But while this 
reciprocation of e.\Ui riic pri'.^siin i :< n>li reJ obvious gen- 
walljr by tha diagranu, lite figure faiU for want of uigularitjr 
to iidkito p w rf w ly ai wbit pointa of tho atroko radi 
Augm acMiK Tba fnandDeM of figura u chaaMltiiitie 
of an dtagrrams taltm U anj ordinary speed, and ia to ka 

attrn».ui.~il |iurti:ilty tu the iiiuinriituiii of the s'pringof the 
indicator, and |>artiallj- to tliat of the steam. Be that as 
tt nay, the desired precision of ontliuo may be obtained at 
vaij alow apaeda, aa with thaaa tbo diatarimif iofloMiea 
«r ■nHMotwB lua M aiiataaaak Tha daiki-Um dii^nun, 
7%. Mtina abtainad fran tha ajBodar of m 
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20 incli stroke, while BBoving at t| idlia par boar. It 
indiaataa diatinetly the natura of tha diatrihutkn in the 
apadal caae, and graphieatlr displays the bohavionr of the 
steam under tlif ii.tlm ij. i- <.f tlu' v.ilv.-. In the first place, 
tiio piston is represented aa starting from the upper right 
hand comer under a tmlfonn pnaaurc of stcmi of 61 Iba^ 
tiU it rMMhaa tha point af aapptaaajm. Iba admiaaion 
Miy taniHMtod. tka aspaniaa of tlM aliaB IbM haa been 
•dnittad, aad iaiwirlacbadiipianaauoaaaband iaphu4y 



indicated by a sadden Ul of the awa^ intlaaatin^r a r.i[>id 
redaetiaa af pi iai i i aa tha platan navaa oog— tlie natural 
Naalt of the Ibiead attmaatioB of the ateam. The pro^w- 

.livc re<luctioii of the pressure tlirounhout llie bIm Io [H riod 
of ixpanjion is demonstrated by tho eoutili'ial dejirs seiun of 
(lie curve, which falls steadily until the piston reaches the 
{KHAt of rdeaae. At thia point a aaeood ekange taiiea plaee, 
and tha piatoa aatan upon the thifd aad hit al^ of Ha 
progreaa towards the termination of the ateam stroke. The 
period of exhanst cotuincucea while yet the pi.s(«n i^* con- 
siderably «hiirl of the end of the stroke : i1m' c-urve breaks 
away almost vertically towaida the point B, and afaowa thai 
at the instant of leleaat^ tlw ataan, wUdi «m pil—iilji 
admitted at 61 Iba. pman^ and attenoated to 9S Uoii 
pressure prerioasly to ito hafaig feleaaed, qniekly diaebar|pia 
itself in virtue of its remaining elasticity, and is eiitin-ly 
evacuated even before the piston has finished the strvke. 
The complete evacuation of the steam is proved by the 
■aigiBg af (ha anrre into tha datum lino, and ito aaiatidtif 
«i(h It, flnbhlnif in a mere point of no-pmam« at the eod 

of the Htinm stroke, fliit though the indicated pressure of 
the steam :U tlii.s point, is nothing, it intimates simply that 
the elastic f<>rl^e of the steam is redoeed to an eqoality with 
that of Uie atmoaphare. Tho ovaeaatioa la, thacalm. only 
nktirot it la ut ahaahite, na thara ia Mt a naeaaiaiy 
rmidna of latent or inaantible steam of one atmo<;phere or 
15 Ibl. abaolnte pressure, and there cxisu a complete 
cylinder-full of ti^ii sle.im behind the piston at the end of 
the steam stroke. On tbta aeeonntf it ia dear that the 
business of the eahauat la Igr M maana wimplalad, aean 
when the pressure has been reduced to nothing : thoeihantt 
port ought to be kept eontinuonsly open U> the fiwe of the 
|ii.Ki<>ii \\\i'u-]) »c have been following, throughout the whole 
of the rtituru stroke ; and the benefit of this proriaiao ie 
proved by the diagram, in which it appeara that dwiif the 
aontinuation of the eshaoat tha ataam af btflA piiaami 
nmaina at the aen point, inianatUo to tha iadieator. At tho 
iti^l:i:it iif ■In'-inc; or compression, however, win n lh> r<' i- lei 
loii^tjr an ex4 for the exlutust steam bel'nre the advancing 
piston, the dia<p«ni-line starts upwards towards the tight 
hand; tha ateam, hitherto inaanaiUak and finding no way 
of aaeapab to eampmaad apniai tha and of tha eyiinder into 
a epaee which eontinually grows Ims as the piitnn ndviki^rr^. 
While the volume of the confined steam is being thus 
IMhfy ndoaad, ito dawtj to iaanaaai ito pawaut to 



Digitized by Google 



PHT8IOL0OT Of LOOOMOIIVBS. 



ni»vi in proportion, and the iioeumulatiou of i'Aek prv^iture 
■o induced is promoted till n«ar th» and of tho returu stroke, 
iriMa it baeaoM lort in tUM&Kgmtt fnmm ot Uu ataam 
•dmiftad ^ antiaipation ftr «iM bnaiaaaa «f tha naxt ataan 

stroke. Tho crjilcat |Hjiiit :il»!iic!i UiIh inh rriiption of the 
gradoiU eoiiijjressiou uccurs, ia iudioaU'd by tla* xnudl com- 
partment a, in the figure, reprrscutiuj; th* ju ri "I iif ]ui - 
•dmiaaion. Tlia eanra atarta yuMij upwards at tlio 
inatant al irhidi Hw rdn vptm «h* alMMi port for the 
admiuion of tttani from the Tal*»«lMat, and reaches the 
initial preasare of 61 Iba. for the eommaneenant of the next 
Btfam ftr'ikc. 

The phenomeiMi to ckarly illostrated by the diagram, 
pvtnt out tha idatlTa importance of the function* of the 
vain, aiut wa mtf lamlilj obaarva tha analogy betwixt the 
ganaial fennatlon of tbia diagram and tlia BMrtion-anrre af 

the Talve-miKiuii : all llii' [Kiitits uf tli'j Ji^lriixil'iUl An: 
conapicuoii>!y tit liiir d. and the method of the slow diagram 
affords a ready Dv<<aii3 of (ietenaijBiBg the atata of the vaJves 
and tha djatntmtion, fully mora exact than by ocular inspeo- 
twn at tha nlva-gaar, aa it inalodaa all tha atbuwaaaaa for 
flio elasticity and wear of the gearing. Tin- [ktIvi! of 
admission, it appears, is about one>third of the wtiulu stroke; 
thatof anpanaion is something more, and a simple inspection 
of tha diagnaa ia anifioiant to pcora thai in ihia iaatasM, 
ana-half cf tha work of tha elaam ia perlbnnad whilo ahnt 

lip ill tlio cvlitiilvr. Evf'ii tlir jicritMl v-f i-vtiliust sirpplita 
its (juiila uf tiflucl, iuasiiiuch aa Ihe tvaauatiou is a work of 
time, and the extra poaitire preasure so yielded is rppre- 
aantad bjr tha amaU triasgolar qaoa betwaan tha point of 
la l aaaa and tha and ef thaateat*. Tha ihraa daadipad I17 
compression, as it oppoeet tha motioo of the piaton, ia pro- 
perly denominated resistance, and most ha alaaaad with tha 

ali;;lit 'r>[i]>usit:uii al.-n iii^Jo hy the cntatlBf ataam dull^ 
ita preadmission for the steam stroke. 

G0Ural Injhunu cf Spetd on tht Steam Dioffram. — We 
art now in a position to l^imoiBte the character of ordinary 
high-«pa*d diagrams ; and tha following remarks apply only 
til (Ij'j ili.'i:;ram« thrown olTiiy M'N;iiight*« indicator: — Tho 
two diftgrikuis iu light and dotted lining, Fig. 95, were taken 
at speeds of SO and ii roil«s per bmtr taopaetively, from tho 
aqgina with wfaiah tho alow dii^^nun waa nutdati Iba poinla of 
tha diatiihation haing hi all tha eaaea idantieaL Tliai* i* 
llii'iff"rf Tjotliing to ohserro ^ul tlii> cITij^i* ..f spiv:!; nml, 
iu llio tlrsl {jl^e, the steam ikougli aduiilliid with an 
initial pressure of 62 Ihs., in the case of tho slower speed, 
aligfatljr loata ita foiaa aa tlia piaton taeadaa bafeta i^— a 
abounatanaa which mny at one* b* attribnted to tha ao- 
celerating speed of the piston in the cylinder, and the 
consequently ^eater difficulty of following it. The diffi- 
culty is howi'vf T I'Ut aiiinll. ami it is only ^vlll■Il tin- ]ii«ri.:i 
nrars the poiot of suppi««aioii, and the o{)«ning of the port 
for steam appnwcihaa to nothing, that tlM prearora rapidly 
falla in tha dSiffim tomrda tha aappressioD-lino. This is 
n caaa of almpla wira4iswfaq^ aa ua opening of the port, 

previou-Iy l;ir_'e L-tioiigh to admit ail the sti-iin tliat caulil 
find ita way throogb, against the frictional retti^tanco ui iln- 
passage, — now arrives at the minimoo) width eonsi^^nt uilh 
tUa aonditioO} and n fartbar aonliactiain and final eloatn^ 
naamiiilj aiaaiifliu an afialamrad AO «f lha p i >aa ni» « 



The prwur« at tlie instant of tuppression, under these 
eircumstaueea, is 54 Iks, Tho curve descends during tha 
pariod of axpanaloa and cu^ (ha lina of ralaaaa at n praiaai* 
«f 19 Owh and aa taachiog the cod of tha afroka U attaiBa 

a minimum of 2 lbs. pressure. The curve uf expansion, it 
appears, rnn* into thoee of tho admisnian and the exhaust 
u iiii lut any of the abniplnesa which distingnishea the slow 
diagram. Tha truth ia that baCuv tha ataam waa nominal^ 
auppreaaad, a tp a mi a n had hagunr— n laauit nacaaaarfly m- 
plied in the idea of wire-drawiug, — and there waa therefore 
not the same liability to sudden ehange of direction. The 
onrre nevertheless rapidly altora its courfls .ifii-r croaaing 
tho suppression line. At the other end of the espaoaioB 
the curve crossea the exhaoat Um^ MhI/ at ^ght ai^glaa, 
and bardjianclwa tha mininran pnaannnt thataimtnntlwi 
of tha atroka. Tha campaTativa delay ao ariiiMd In tho 
arcriiiipli.iLiii-nt nf tl^r cvliaufl, i< plainly a coiise<ju«nee of 
the shorter tim<^ ulluu i d fur this purpose by the greatar 
■peed of the piston ; a:i<l a'-c:>riinglj WO find n conaidccabla 
an s aaa i o n to tha oaeiol affiNt of tha aloam in tha vary oir> 
amnatanoa that it exhanata Icaa fraaly. On tha othar hand, 
n .ira«li.ii'l. iin tliio cITi-ct exists iu the rotitinucil back 

I }<r>'SMii-c of '2 Um. por iudt during the return stroke, referribU 
to tlio b'anie imperfect exhaust. The curve of tha oxhanat 
during the ratofn atvaica joina tho aoaiipriaaion cvrva with 
a slight head, and it ia obaarraUa that labia tha pra- 
admissioii take-si iy)rn[>rp.<!<f(t stoam attaliii) 3 final 

pressure higiiur tbiu that fuuui by tho alow Jiagrani, — 
» 'jircurii'^tauce referrible to the greater condensation of 
steam in tha igrlinder which aaoonpaBiea T017 alow apaada, 
and wliieh ia eonaeqnant on n ladaead naiii tam p wntnra. 
But tboDgh the curve of high speed is in adTanoe of that of 
the slow diagram at the point of admission, it falls behind 
at the <'uT):ini':ii-(ni'')it of tlu' ftroke. aa at this jioirit tlie 
pressure does nut get beyond lil lbs., and only attains the 
maximum, 62 lbs., when the piston has described half aa 
in^nf thaatonniatnka. XUadalaariaaUalijraUnbnlabh 
to (ha inanfllelcney of tha tinta aliaiwad Ar dia Tt iatahBJt 
n'K'!:t uf ilii< wurkiii:; pn'^vurc. by tho frfj MCtlaP of dia 
pistuu, iuid by iiMulIiciout lead. 

The diagram. Fig. 9o, shown in dotted lining, alTorJs 
another anunpla of the irregnlaritiaa thai aaear from high 
speeds. In thia caaa the speed w 44 milaa per honr, mora 
(Ii:in tuii'fl that which exi«li.'d in the previous instance; 

j and tbu di^griuii nowhere appu^n> tt> be a straight line. We 

I observe that the maximum pressure during admission (.52 
Iba.) ia not attainad till tha piaton haa daMribad 4 niahaa of 
tha atnikau Ynm tha aarao point it Mk towarda tha aDp> 
I pression-line, which it crowes at a pressure «f 17 )t'«. : find 
describing an ogeo wave-line during the expaasiuu, it cruiiMs 
fli'- ro]> Lise-lino, at a pressure of 15 lbs., and termioatas the 
. stroke with 5 Iba. of pTManra, after rebounding to a haigbt 
&di«atii«17iha. imthalltbmoifngalBritiia^thatvbno 
doabt that the inertia of the reciprocating parta of the indi- 
cator has much to do. The first dislurbanca takes place at 
tlii> ]"'mt <>( *iiii]>ri"<si(in, ard it iii.iy be granted that tlii> 
uir^-dtawiug which procod^s liio suppression is not fully 
indicated; that, iu sliort, the indicator barely follows tha 
preaanroof thaatcnmwithaaliaiantaaleritj. Aa, theiaipfa, 
tha ndioitad prwiura nt tha aupptaiaian-Bna ia tihaMf 
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not IfM tLaii llie real |)rcs.*urr. ai;il as nioiwover lli* prea- 
sure falU at that place with '^mi. rapidity, th« nuiii'.-itoi' 
ndar tin diapoaabU powar of the tpring with 
ifHi, tgrnlihli ll B»t «lif ultimatelj nmehm 
fttfiMWH «f l]ieilMni,tiik drifM baknr the lerel dne to 
<he «s1<ting pramore. A r»!KmB4 m the natural reiult, and, 
stiiiiiilatoi.l b_v liio ?ii]HTi'ir prufsure uf llie i<',raiii, tin- ]ii.*tiin 
aseeDds eveu in crossutg tbe rel^ase^liue, aad oontiuu«s to 
ascend in obedience to the upward impulse until within 
S iadwi fiwm tlw «nd of the itroka, wfaMM* H Aaatty £iUs- 
SonaiUiig of fhe irregularity i* of eomM attrihotaUo to 
the natural au'i'.aticti ilio ?t<'.-tin. It i» inoonceiTable, 
however, that n'nn at lha itigiisit poiraibie epeod, the true 
expansion-carye should be otherwise than r^ipilar and simi- 
Ur to that dev«lop«4 hj Hm indicator »k the low speeds. 
Daring the period of oipaaaion, fbo ■toom Tirtoally remaSna 
in one place arid elnijily fi)"l,!sv-. up tlic piston, — an np.-ration 
which involvita no eil'urtr m aiiy »pe<iti. In rt-speit at the 
e»:l>au'(i, wu liaYu already found that speed very materially 
detains iLs £all of the enrrs towards the and of the stroke, 
and jndlging by tlio oifdtuM of tlio dfagnm at M nllaa par 
honr, it is prebable that eTen at the vnost eccentric point of 
the corre beyond the line of release, it rnrm in the ca»e 
before us not more than 'S iL<t<. (r^m the veritable preMure. 
Doriiig the ntii» atroka, the exliaoat CaUa to a minimum 
of S ttimlMt to 7 Ibaii M tho ariddlo of dio atnkak Mb to 
S Iba. at a little distanee from the compression line, and 
finally rises as the valve goes to close the passage for ex- 
lian"!, aiiil i'ni¥se.i Uiu citiiprf?»i;iti liin' at H} !■>■<. Tin' 
curve proceeds regularly round, in place of angularly up- 
wards, as in the previous cases, and it attiuns a pressure 
of 40 lbs. at the end of tba atioko. A> in tho fttntm 
example, the piston travels ^ incb of tiho itoam atroke belbto 
the indicator becomes stationary. This it ^<""< at .'.(i lli.-.,. 
and it rises only to SS Iba. at a more adratieoU sUgo, A4 
alnady described. The increase of the back pressure, ob- 
aarrad about tho nlddloof tlu •trok.\ i.i r. r(>rrible generally 
totwooinndialaacw,— dwMedmt> 1 1 of the piston in 
the cylinder towards that point. <vli:cli, "I" iMiir"!-, lia-tiTi,^ 
the expulsion of the exhaust ttoaui aud crualvs ait iucriiatto 
of back pressure ; the reaction of exhaust steam from the 
naighbonring <grIiador tonda alao to aw«U Um raaiataooa. 
Thii laatoiroonataaoa, m mveli depondsnt upon 
conformation of tlie dtliAn^t pas^a.-ivi. \% ij sufficient at 
present only Uj alludi' lu it, Tlici liual tncreose of back 
pressure previously to the closing of the exhaust is a case 
pneiaaly tho convme of what was {bond to oooar bafors the 
mppfaMioB In tha ataan ftrolio — in tho latter oat* axpan- 
aiom oomaieaoed prarioaiijr to the dosing of the port for 
steam, and waa Indicated by a falling of the pressure ; in 
tho former ca.t<', omiiprei'Iiin rntii-iii:iircH prc^ i*!ii''lv in t!.' 
closing nl' ihr pnrt fur the exhaust, uiii is accompanied by a 
rise of pressurtt. That the pressure for the steam stroke 
ahontd inersaaa apott tlu piatoo. to &r forward aa 4 inebso 
of tlw atroka, atoma tatliar imwoiidleaUa with tba t«*«n» 
pheuometion ixhibiti il nn (]n> sr'cond diagram, in which, 
though the speed is less, pri^ure slightly t«lU frum the 
commencement Annfi. The contrariety is to be explained 
bjr tho rolatiTt pwinn whieh asiat in tlw nlvo^ifaoat, A 
wtdd«B withdrawal «f atoan fram tho cliiit br ^ 



mencement of the stroke, though it doia but tramlonlly 
ailVct ilie> Kipply at a low "i t^ i. as it may be timely replaced 
by (team from tho boiler, and a uniform preaaare main- 
taittod in tba dtsat, — is more sensibly f«H ata h^hor apaad t 
and aeoordln^y the first rush of steam biiiga down tho 
pressure so materially as only to bo rephieed when tho ptsten 
iia.^ ■'o:isiilci-aiil V aiiv^un'c l. That mucli dt'iwn ls on tlie 
varying pmsjiure in tli« valve-ehe«t in expiiuialion of Uua 
circumstance is proved by diagrams tak«n from tho •halt, 
whieb in aom*- in^tanoes abow a faiiatioa of Um. pamMu 
OlanMisr U X.iupkfi ImScaltrj—Vtem what haa bam 
explaiiic ! of operation of M'Naught's indicator, by 
means of which the foregoing illuitrations have been ob- 
tMned, and by which many of the writer''s inquiries havi- 
booi eondnctod, it it obvious that the indications of that 
inolniment oannot bo implicitly relied upon at very high 
speeds, with respfi't to tin- r.iuf irniation of tlir ilia^^rajnj 
afforded. Of its intt»grily uj. aa uiJisalor uf Iwial po(ver, it 
is highly probable that, notwithstanding the deviations duo 
to aidolatioM» tho total ana of tho diagram, whieb ia tho 
auamn of poww, ohoold be eonoet in amonnt, at loaat 
approximately «o, on tlu- genrwl prito iijTr (!:at action and 
reaction are equal, and tlut au i-xccim al uue pjirt should be 
compenaated by a deficiency at another part of the diagram. 
In the third osauple before no, if wo aaeomo tho pnoMuoo 
at tho poht of wppmaioB aad tho on4 of tho atroko to bo 
literally correct, and construct au expansion and exhau»t 
curve similar to that actually described in the 2il example, 
th<> interpolated curves will be found to take a mean path 
with respect to tba lina traced bjr the indieator, and will 
enclose the lano ilimp arsa of diagiaai. A wfcw M O to 
aoma othar auai^leo in whieb tho ataam haa Itostf provided 
a eoaflrmatton of the general integrity of the indieator, will 
make this pfiint ftiil m-.n-r snti^l'actorv. Tin? ilark-line dia- 
gram, Fig. 96, wai ili-scribed by a ls«;oBWUve (Caledonian. 
iVo. 4S) nmning at S3 miles per hour. The light-line dia* 
gram waa aanaed to kio daaeribed hj auddanly opening tho 
stop-eo«b eommnniea^g with tho ataam-eylfaiider. Tho 
eteam, bv an !n-'antaneons blow, haii .Hurprlsi^d th- pi=tonof 
the indicator iiito (lie extreme o««tlli4iii>i>8 »livuu in lieht 
lining, throughout a complete double stroke, after which the 
diagram anbaided into tba coaatant llgnre in heavy lining. 
It la alaar thott ia a mothod mm is ^pnliatipavjr vibM> 



ik.1t. 




tiona; their tinooai^ ia referriUo olactijr to tho aoro iw> 
gular enrve aa a etotfo luo^ daring both (ho iteam and tho 

return strokes ; and the areas of the two figures are appruxi- 
mately the same. Fig, 97 is a quieter example from aiiutber 
engine (cylinder 15" by 20"; wlieel 6 f««t), running at 42 
inilea par bow; in tUo eaoe^ tba di^ranu wore daasrifaod 
ia imnadiato iu a e g ai i on, and tha aaaio ganonl cqnalitj ia 
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•iMMrrable. Fig. 98 oomprtMs two series of diagrams taken 
hm • kof^tNlnd qfliiidw (If x 24". wWl 4 CmI), the 
engim nrrim at SI mOH ptr 
lioar; In tbe ln)t*' «l>i<l> 
iho steam ia oit olT at 13 
inches of the »lruke, and the 
•mUar St 18 inches. Theae 
rxampk* Mt •olioiMitto prort 
the g«Mi«l iMiftity of If 

Naoghf* indicator as a ni'/tcr of 
piwer, nnil that for all Rp«ed», and all proportions of cxfiati- 
'.VI ^ . rking, the diagrams ma}' be relied on, in thw respect, 
whatever maj b« tha eauia of tha nriatkma of tho penoiL 

3V raiMf Ibdbyrwi l» tefwHarf^brik— Ao tin land»> 
mental figure of tbe diapum is a mean of the irregularities 
with which it ii affected, we may, by the knowledge of this 
|>riiii--:]j|f. anJ liy tlieaid of the points of Mipjif' --ii ii nii 1 n- 
lease, approximate with eaae and eertaintjr to the radical form 
«r«lMagc*«i T1m«v«>"> V!s.99,«Mobtain«ift«mtlM 



n*.Na 







j:. i 













Broidlqr, B. O. Bi, «Mbr O* 4tli aotdi, ■* » iliiw ipoid, 
froB ifUeli H appears that the ateau la ■ ■ pfw ii d awL 
rtleiMd at and 19 inches ont of 18 fodiM ilnlco. 

The diagram. Fii;. \vln<^h ovnry Jcviation of the 

eorve is n>uu<l(!d, was taken under the same notrli, at 25 
miles per hour. Draw perpcndiealars, a,h, t i Uic lirnt- Vuw 
Ml 4wtW00» from the b^ginniiig of tbo itrako, of !i 34 and 
18 iuAm napectirely. Ai fho emro h ftmiad roguUtrly 
during the admission, it is clear that tlie itulirati'd jiresinre 
at a, where it meets the rertical, is tho n-jil prcasuro of the 
Mcam. It ia plain, howeTer, that the segment a b', does 
not litonJlj. wpwwB t tho pnmro dorli^ apaiMiaai it 
■bom* premmtooliisbattlw iNginning, and too loarat 
tll« end, wbirli I? proved liy thanbouid of the pencil to the 
point e. Juriug the release. Wo have, thereforx?, to inltr- 
[losc tliL- expansion and exhaust i-iirvi- a m ti, ■<ul>ji-i't to the 
conditions that the segment a m should fall nigalarly, like 
that literally described in tho slow diagraa, that tho o^ 
most M«, thottld ahow a rq;ahur h3l of pr sso u i e durmg 
releose, and that the whole interpooad oarre sfaonld enclose 
the Mino superfiiM.al an a .xs that actnally descrilied. .\:,'ain. 
Fig. 101, obtained from the Hebe, E. & O. R., at W miles 
per hour, and under the 5th notch, supprcMing and releasing 
at 9 and ISiineho^ ia nadi^ ndDoibU od thaoanopiia^ 
eipls of equal maan anaa, ant vtth tho aaiataaoa of tho 
sttpproasion and release lines, to tho rejjular steam line in 
dotting. By the aoiiataooo of this mode of removing the 
apparent irregukritiw of l%h«pe<d diagnoM, wo are enabled 
to tnni thorn to aoMM Meant m tho istaotigatioa of tha 
I of alMM b tto iSffindar. 
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Iv discnitsing the distribution, n-i- fnund that for eaeh fa<o of 
the piston there were four period.* of importance during ou 
revolution of the wheel, or a double-stroke of the piston, 
namalj, thooo of admiaiinn, ozpaaoioo, ioImos, and aompna> 
sise. Oorohjoet sholl now bs to point oot tho dianwt«r<ati« 
varieties of the action of steam in the eytfariaTt •iemplifie<! 
in the conrae ofonr experiments, during thesaeesoiiTe poriods 
of the di-^iriliuii'in. We have, first, to investigate tha afltiOB 
of stoam during its admission to the cylinder. 

Cf lk» Aelitm of Wir*dnimMff—ki ordinaiy apiad h, tho 
stcam-liBaofadiitfaMOB in tho di^iaa b aiaaibljr a ati^ght 
line, parallel to tho atmoophario Ihw— Ibr porfo^of admis- 
b'l-in ^rtati r tluin .^0 por cent.; that is, tha rteam pressure 
in the cylinder is sensibly constant during admission. This 
regularity disappears at the higher spe«da, as there is eom- 
BMnij a oonaidanblo &U of pnaaan towaida tho asppnauoB, 
attribataUo to tho joint inflnaneo of tho local aooiloga tio n of 
the spcod of piifloti (mvanlf hnlf-!'trnl;i.'. and the wire-draw- 
ing action of tbo voire as it cloaes tlie port for admission. 

The motion of steam through a passage of some length, 
aneh astheataaan orsKhaost passago of tho egrliador, ia, Uko 
that of othor gaaaa, regvUted bj aovanl onvnnatanoao— 
among.it others, the cross sectional area of the passage, 
which we supjKxse the siame .tt all [arts of the len^jth, and 
the frictiuual re^^i^t^nce of it« side« to the motion of tho 
•toom. Ths motion of steam from one chamber into anothsr 
ia tha naali of a dilhfanoa of pnaanro in tho two plaaiat 
and hotwoan a hwaw atf uxy l lndor and its TalroHsheot, the 
pr aes i ire in the valtro-ehait Is neooosarity the greater of the 

two, while thf! i-iii:ine is in motion. Wort' tbo .itpani-pa.isai^e 
of no apprccialile length, or were its sides frictionles.^ and 
straight, the quantity of ateaoi that would pa8.<! into i\w 
cylindor nndor a given p^e#«u^^ tfould bo dinot^ aa tho 
area of tho opening of the port. Aa auttara ars, hjr tho 
bends and lateral friction of tbo pu'ssage, this ratio is very 
far from being realized, ina'sniurli as deductions of speed 
take place in practice, chargeable to those Boorees of resist- 
aneo{ and thns tho pnatieal chaiRO of stoam tnaamittad 
thmgh tho paasago fiiUa in all oaaoo abort of what tho ae^ 
lion.ll ari'S of iln- porf i<< of Itself capable of admitting. It 
tlicrifore fnniicDtlv l.a|ipeus that the opeuiug of tlic port 
allowed by the valve, though it may bo much inferior to thu 
total area of ths port ilosl^ ia aofficisaUjr latgo to admit all 
tho atinm that «— fcaooitaway«l«Mg *ho fumgi. In* 
deed, this fact is constantly exemplified in pnetie^ for we 
know that the openin:; of the prt beyond a speeific amonot, 
iu all ca*..'* tlian lli<' ar^a of the |>ort itself, ceases to 
facilitate tin: ]ii««:iu'i- »f the tsteam into the cylinder. As, 
however, the iii.lx.:ii .i:n opening of port is at least an index 
to the relativo iraodom for admission and abaonoo of wir^ 
drawiaf towaida tha obainK nf the port, it will ho ao om- 
ployeil in the following discnsaions. 

We find in the diagrams from the Great Britain (Dia< 
gram-plato 4), that at the lower speeds, the stsam-lino ia 
parCMtljr oonalaBt till withoi aa in^ or ao of tho 
aioo; Hidthnl,nithaapoodaiiaab AaMlof I 
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I «»iMr» and in eztT«m« eaaea, at the beginning 

Tha foHowing tMe compriaM Am tomit apaada aA wbaA, 
wire-^rftwfng exifta in the cjlindcraof fhelaennwIiTtatltanin 

appcififil. to any extent irrtTit»r tlian one iock befwo tin- [x.int 
of aappnatiuti. rtn<i al><) the r>>Juirtinn of prMsure Jutt to wire- 
4fWriB|f at tlj<- lili,-lii-.st iili.H<>rvt<>l ^[j^'Oil:). The mean apeeda 
•f |Mmi an dadiuMi from (Iw obaerTad apeada of tha 



gine in l«nna of tha strolce and the diaawter of wbeeL Tb« 
•ixdiaalnni eMtaioa the ntioa of tfaeawdmai oyuiuga vf 
j| aliwi part to fta aaww of the piaton^ anpnaad a^ nHinarv 
fmiiona. Thaaa ntioa vary in gnMfil aa Um lin«»l -p -ninir 
i.if jMirt simply, owing to tli',' wi.ltli i>f (li<; jiorti Arru^? ilio 
oyliuiJer being in all the es•l•^9 .il xjut lite saiiio fraction of the 
diameter. We shall, tlniurort', in the following 
rate aaica^ to tha lioaal Talaaa of tba opaDioga^ 
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■ew alalia iH>lt'«*«»*i 

In each ktW^. of tlie first part of this table, it 13 phiin 
tliat the shorter tiio adniiaaion. the lower is the i^p. >:d at 
^tllicll wire-drawing becomes sensiblt), and tbn gn ntc-r is the 
fall of pMamra diw to tUa influanea at ttw kigjbu ajiaada. 
ThSa ia aaqtbdiMd hj tha radiutteo of taaval aodl maiigrain 

opening reqnireJ for .1 smaller .idniis>iaii, luiJ tlir mlifoquont 
more sluggisb uiaveiUbUt q( liic valru at tliu critii'ud {tuuit 
of supprMsion. In the Great Britain, an admission of above 
lwo-tlii«ia^of the atroka ia ssattandad hj wirMliwniig of 
any inqwrtanoa nidir CO loilaa par haw, or aboot 800 bat 
of pillOB parminule; at the same speed, an admisMoaof 
(mo-!iair reduces the preMuro one-fourth; and an admlaaion 

if onc-tliii'l Urli;_'!i duivri the iircssiirc iirarly 'inr-tliiri.l. Aj 
the steam-line in the dii^rama from the Great Uriialn, is itt 
geotnl, atnight fnmi tha bcgimtiiig wtU it wan thaaap 
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preasicti. it 15 rhar that beyond a certain opening <if llic 
port, ill aU fii^tis mach less than its total width, any extra 
opening does not further forilitata thoimress of steam. TIm 
anifonnity thus mjiintaiiMd with • vaiy vwiabla and inCwior 
opeuing. up to the speed* at wfaioh wir»-dniwiij^ pravalla, 
rven while the pri Hsiiiv in iho ralvc-i In st in iy Ih' nnicli 
superior to that in Un; c\ Under, i.n cxplaiiun] by lie IViiUoual 
resistaiitie to the movenieuta of the sloniii chargeable to th* 
ataaii»-wa|]ra, which pcaeiiaaUj randaca i w aaasi M o at lomr 
tba thnttiiiv aetiaB of tha tahn Aa th* apaad 
the op«n!ng of valve becomes io!)ufR«ient to main- 
tain a oonstaut pressure, because, as wc have srrn. wire- 
drawing or f.ill of |Tc-«.«iin' is created by speed and increaae* 
with ib This ia atlributaiii* both to th* gnatar low of 
fhioagh tha porw hj vhlah « thnttliqg I 
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iflto pll^i *nd to tlie (n'CAKsr ioc»l ac««i«imUou of Ute tpmil 
«f ptatoB towards half stroke, due to a higher spttA, which 
iucrvaMs tha difflcallj apwiaiioMl b/ Um Umm in foUowing 
up the piston. 

Tho f.jllowlii^ (lia^nuni to illii*tr3li> wiro-'lrawine under 
various ooniiitions aud proporlions of vaivo, liaire been 
selected as average exampira from amongat a numerous 
flollMtiao obtaintd from tb* H«K (ha Oriw, and tlia Mile, 
«a*EdiiiliaighHd6h^|owBia«qri>adft«BNafc 4t! 
IS, nd 51. as tho (MadaDii 



r|.»M. 




TIh' CNirtt (x;»iii]ilcs in the foregoing table oonprise (he 
results of wiro-drawiog indicated in (hesiidii^nHna,dadnoed 
from mean linn of admisaion, applied to th« dh^gnnw an the 
priadpia daiaribad m the foregoing cliapter. 

tn theaa eaaee, wa observe, generally, as in the previous 
i-.i»<is, tlial tlic sliorti r tlic aJuiission, (Iid ;jrrutpr is tli.' «iro- 
iln>»in^- ;a caeti c^'hi>ii«r, and that Ut« wire-drawing also 
]i]i'r<'a.''<'s with the speed. 

Of iba ontaida ^linden, tbaaa vhidi hare nearly or 
antfavly lait tb«r laad, ahow laia wb»4n«ring than the 
othf.rs. Thus, in No. T^•^ »nd No. 42, the lead in tlic 
forBiPi iHiii,' nearly estitiguished. No. 33 showt, with a 
shortur aJijiisiion and a higher ^eed, a rodtirtioa of 10 per 
«anUwhisbiaba»halfortfaatahOTnibjrMa.4a. This will 
ha rndtohriina «■ ia6ni«g«o lha dl^pama fin thaae 



cni^iiics introdueed iu the previous chapter. A^in, No. 51 
w ith the old mini vaJve-gear, exhibits only one-half of tlia 
fall of prammaiMtad b/Ma. 51 wilhtbaBawnlva^Uuiagh 
the speed m tha httar eaaa waa hit ona-thiid graatar. 
Thinllv, Noa. 33 am! 13, euitini; off al about the s.mit 
point, 61 and (>2 pur OiiU. nts^wtivciy, auii at the tauie 
speed, show practically no mductiou, though No. 13 i< 
alight^ aoparior, wbUa it baa most Itad. N«. IS, however, 
also haa tha Imifiat tranl, a» ii apana tha peM 1^ iuclh, 
while No. 33 opana «bIj f bch. Thus it appaan th*t H*. 
13 required doobta the opaolng of port, to ralMa tha win- 
ilrawini; duo tu its e'iip«rkc Uwl, to IU aqulHij with thit 
incidental to No. 33. 

The inflaenoe of ta|^ tad Invel in promoting a free pa«> 
aage of ataam is not tury awritad bajood aartaia linita. 
Thns, with No. 4S, and No. 81 (now mtva), haTing aboit 
>(\\ix\ aiJiiiI:<;£ons and equal openings, in thr- 4tli au l 3d 
iiHt>:h"'<, oqual speeds, the fall of presaurt is Uiu^t with 
No. yi; iu which a|>{)arently tho a^^ne witli tlio aumlU'r 
lap, li ineh, paasos tha ataam moat anreacrvedly. Saaoodljr, 
with tha uiaida^Iindar egginea, oompariog, at the aama 
speed, the 2d notdi oflho ll.'i*.- and thf Nil.', latter of 
which haa the shorUif adiuiuiuu, ua* liud tlial lL<s Nile with 
1 iiirli lap f)i9ws but two-thirds of the wiro-drawiog doato 
theHebowitbf ioafaof lap. flow the opaoing of tba port i* 
the nma iiir tha two ongiinoa^ «»d the anporiaiity al the 
Nile's valve is thus apparent. Agiun, in the 4th rioti h of 
the Hebe, and tho 5th of theOrioo with 1 inch Up.with uqual 
openings, and fuppre-.":!!^' iil:<>ut i qually, tliiju;,'li i)kij .Hpefld 
of piston of tho first is but one-half greater than that of tiM 
second, the wire-dmwing ia thiaa UfflM aa gnat. Agate, 
comparing the Hebe and tha Qreat Brltwn with 1 meh lap, 
in the 4th and 3d notches respectively, yielding equal admis- 
siuna, «liih> thf 'ipi f.U of pjstuii ,iri>a)>ijut 70(1 rir.d [tOO ffft, 
the withdrawing with tii« ilvb«, at tlie lc«« »|K-«d, is double 
that of tho Great Britain ; and, taking the 5tb notch of 
both engines, at Morijp equal apoadi^ the thfottliqg in tha 
Hebe, is again donUe that hi the Chwt Britidb. Laid|j', 
eoni]:ariTi:: thi> twu ktIi-i nf tTii- Gn-al TTrii.i'ii it.<>elf, tho 
li inch Up i« iiianifeistly superior tu tho kp ot' 1 inch. 

To compare inside and outside cylinders. Taking the 
Oraai Britain, tha Orimi, and tha Hila^ on the one hand, 
with tha Oaledonian anginaa, on the other, a alight inspection 
suffice* to show that the outside i vt'ndr r?! apparently wire- 
draw thest«»ni to an extent much l««s tii;iu Ihoinsides, even 
with the advantage of the greater Up. This fact may lit 
first aight be taken iS»r»nark of anperioritj. It i% bon^ 
ever, to h* aaeribed to tho gnntar qonatity of water hahito- 
ally present in the outside cylinder, :ir ^ piirttnl condonaa- 
tion of steam due to imperfect protecttuu. Tlia presence of 
water in the cylinder in a state of suspension, levels the 
steam line, boeaoae it doge the novemento of the atena. 
This aigwMUt wa ahall nftanmida hnTO an oppoitMuIr 
of clenching^ hi ^aamafaf tho ailatenaa of water in tha 
cylinder. 

With ri'i'nrJ to the influrncoof eizl- of' pr.rt on tlie steam- 
liuf, we find that in the larj^er porta of the Ureat Britain, 
the steam is least wiro-drawn. Thaa, with tho NQaand tha 
1st notch of the Gnat Britain^ aaennd aaiioa, hsviiig otHd 
admiasioDs, tho fttaur dfMM dom tho ataam fln I 
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nradi Mtfa«kttV, while the speed in the taae of the latter 
to null Uw icMMr. AgiuD, the Sd notch of Ihi.OfWt 
Bntkhi, Mcond ■eri«a, itduoai the sMmb aolf half M mmtk 

MS the 6t1i < r ilii"! Orion, with tlie same admiBaion, and •t.a 
much gr«»ur sjH-ed of piston. Lastly, the Great Britain, by 
means of ita n ider porta, is nearly on a par with the outside 
•jltnidtn, QOtwitlutaDding tba «deamiag» of siluatioii ptw- 
mwi V Ail to pvtbntorly ohvkHu in comparii^ 

the neeond series of the Gnat Britain with a B. No. ISO. 

Of iks Undutatiom of th» SUam- Diagram.— Tn/ltunet 
of Liiul- lullid Vi-rcutiii'ii. — t'l till' (T^u^u "f ttu' r"L:ii1ar 
irregulikrilin of the pencil, we am outiile*!, <i j^ri ,ri. t.) pre- 
tiMIM thai the Tibratory roovemeuts of the ,st> am. Iiave at 
iHMt as Bucfa to do with them as those of th« ludioator. 
Steam, indeed, is a more perfect spring than atoal, and it to 
f.isilv i;ii.l«'r-t.>Dj tliiit M f-iry cliaiiLro in the distribution, 
m a «uurce of new inotiun* of the steam, simaltancous irrup- 
tions or interruptions of pn>ssure should ensne. That some 
«f tka auwe fi«)iUDt irngntontka an duo diioctijr to the 
•t«an«*a own dastlcity, to bdnMtalilo. Ono of Hht mot 

coninun is tlif Initiril excess of jin ■^•■un willi nh'Ai (li.-> 
stf-ani Bti-ukc is fm|iii'ntly eommencdii, tx(-na()Ulit<J iii muay 
of ihi' figures iniiuodiriiely pre«edinc,and still more strikingly 
dev«lof«d ap«D the dti^imma, Fift. 114, 116, 116, all taken 
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iVmi tlif .'niiK' iif ( ii^im Figures 113 and 1 l.'i won' 
lioih ^It jcribcd at a ^in cd i>f So miles per hour. In the fomier 
<'ii.s<', M the period of admission is consideraUj Iwi than in 
tba tottor caaOi tiw- point of pn-adofilaBioii, bj the nature of 
tha Itek-imtlim, ta&w ptoM aailtor. It thanfere happens 
that whereas, iii the tatt< r <-;»f, there is little more than 
tiiBO ba tlie steam t« liiid ^u maximum pressure in the cyl> 
' fottte conimencement of the (team stroke, — in the 
• «aa^ tho anttaiiaa to pMmatan^— tho atiam filto th* 
elaaranoB whib tho phrton im jtt to eomploto a anall fiart 
of till' return stroke, a collision takr H pU. ^, a partial cxpul- 
siou uf lha newly admitted steam l>jnu>v<i, and there is in 
coDseqnenoe a great and sndden exaltation of prossure. It 
to, howoTor, only mommtarf , or at kaat eoron bnt » Moall 
put of tho diagnm, aathopfwrno NooTan ita dmiataniity 
before tho piston describes 2 inches of thofltroltaL III fi»urt> 
1 16, as the period of pre-admission is less than in the prerious 
fitruri.', tho piHli.m atl.-iiti? th^ i U'l uf thij stroki' in time to 
meet the entering steoD, without repelling it. Tb« exalla- 
tioa ia, tbanfim^ km gnat, and tho nMlontioa of tho 
ofdinaiy fim nn mn (iwiMi^ at tho aaaia apaad. The 
extra eomppswlcn mtanUj ahowa itaelf Ism on the diagram 
at slower speeds, as thero is the more time allowed for ad- 
jiuUtt«nt to tb« ami^e pressure ; and accordingly, the dis' 
I por hour in the same cylinder frequently 
I tho app q umtn o of the dot lino on iyuo 1 IS. Atatiil 



slower speeds, the rertioal distorbanee aMUii^<!"< the furn! of 
» MDgto lino, tbo a^intniont Uimg ofiitetod before the piaton 
alarto OB tho atoam atnka. IK waa takw with • 

period of pre-admimion intermediate betwixt those of rh(« 
two preceding examples, and at a speed of 41 miles. Jlte 
tii[i|ili' of cjmjtri-'s^rii'ii !\]i|>far!< a? n, iii<aii hi'twixt lliOM of 
the otiiers. It t» more obtuse than the first, boeaoso Iho 
admission takes place hrtar, and tho apood la Ujg^t and 
it is shaipar than tha aaesnd, notwlthatandin^^ the greotor 
speed, bemuse the admMon oooaia onHler. Thus it is dear 
tliiit till.- criii*t;mt lea ! fli:iracteristic of tlif nt.-il inuurv link, 
(which iscinpluvi.il in ilic t-ngines before Uis), il' uiljuttud iur 
full gear, is abun<Iaii:Iy suiHcient for the timely vetrance of 
atoam, nodor all dsgroao of oiyaaato«f and at all ^ooda. 

Tho ioiBMn^ ofaoonataHt laad to hitharillnatiMod hf 
etampba Sgh 117 and 118, from tho OHob, B. nad O. iC 



rkj.iii 




U.I ii\> V at 

»<.irKi«»c« lit » Caimwt 



which to Ittodwitb natnBonaijr link, yiMmg « 
lead of i ineh, Tho pwtod a of adm i aitoB and ap 

AS follow ; — 



Fiif. 117. HesTy line. 
Ki^. 117 Light lioO' 



IC ioeiict. 27 ni|ih. 
Hi „ 2!7ni|9li. 
10 40 Blilb 



Ut notch, 
fitb ilu. 
Gtb do. 

These dioffnimaahow that the same lead, wheni 
for full ^ear, or tho 1st natch, is amply sufficient. Mid indcod 

r'ath-T ir\'"t Hwiv.T^ j<,i- bhrirtrr a'ltu:?sii,iiM. a.-^ the rca*'ti:>n 
•li:v tn oiiiMpri's-iiuu IS csampleted l»efort> thu e.i4iimeiic««iient 
of the »te,iuj .%troke ; and its snIGciency is very much ind©. 
pendent of spowL Indood, with aluurt admiatiooa wo haTO 
long comprcoiloBs, uid thtt* a mfletmoy of '*WMto* ataam 

is interorptLiI ainl '.luri>l up, j ai to si cure in.irlv a full 
initial pr^iSiturt-, (.'vciu wertj tUtvn uo or pru>a<imission 
at .ill ; and this is a serriceable provision, as il is ooni- 
mooljr at tha bigbor (^ooda tliat tbo aliorttr admiMona 
aro «mployad. 

It follows, that if even con -t in'. 1 a 1 Iw ratlifr f \-.v s:.n-o 
for the shorter admissions, an iuci't:dciijiji> ka>l, iucU as is 
provided by the shifting link, if competent to the ncec9sitie« 
of AUt gaar, moat be qaitoaaporfluoaa, if aotprojaduial, (or 
tho ahortar tmvato of tho nlvoi 

The originals of the diagrams from the Cn ut Britain show 
remarkably steady steam-lines eren at tJie Lighmt speeds 
and under the i;rint<^* txp«nsion. the only dislurbonct 
being a very small initial oxewa of pnaanro of 2 to 6 Iho., 
which doea not in any oaaa asltnd ttrjvni i iadt of tho 
sinltOb aflor whidi the steam line is perfectly eti^^t till 
il neara the suppression. We are persuaded that this 
siipcricr tm'I i: II 111 (Ivi.iciri* iiintniiniiit is due jointly to the 
liglitue^ ami reduced speed of the movjng ptrte wbieh 
ilcseribe tho steam IHm, and to tho pariiMt jmporttona «f the 

lindar and ttlt^gnnt. 
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The (alutorjr botmdioU of tba indtoKtor a»j b» and 
IttT* froquontljr bMB diMktd by At additiMi of oitni cIom^ 

aoce bctivt'fii tliD piston and tlie cyliiijcr-covtr. in of 
tUtion»ry ongtu«« »lf««u»d witli rcAciiug CLjiiipr«W>:>u. The 
tddiiim of ckaranee op<>ratGs lik« tlio addition of on air 
veoiel or NMnoir, is rabdoiiig riotnit •kImumo, and tlu 
equalizing effoot of okonaet, to odilliUad I17 th« Indioator, 
proTM th»t till? s;itl.»li.iin nil-, in ir'-"l fuitl), cxtn f-islftn!" nf 
agitation in&iJe tin? cyliudur. Wlml is Ihui tatallicslmd 
by inference nay be confirmed more directly, if tbe spindle 
of tha indicatar ba {ottiblj natainad bj tht baud at a lovcl 
Jnat abofo tlw pimtioB d«a to dw ngtilar atcaa praauio in 
thf* rvl'iiilfr; (111? inilient<>r r.M-elvin^ freely as when at 
liiwrly, llus iisiliaL luipulMi uf ihx ntxAui, nud performing pre- 
cisely tbe compleraent of the saltatory tnoremvnt due to ita 
free aotion. In tbia oaae, h '» olaar Ibat no nonMOtom ia 
MOMBidalad In «1m Mioatoi^initaB fmkmAj to tlw aalto- 
(ion, as it is started from a state of net, and that to the 
steam's elasticity, exalted for an instant, tbe phenomenon is 
attributable. 

A iattim proof of Mw conroctnesa of tbia jMaition ia 
to bo feond in tbo ozporkaoo villi Omnratl ongfaioa. In 

these engioM, which work the steam at high pioiODre and 
very expanaiTely, tbe cylinder-coTem are observed, as ro- 
marke>l manv ypafs ago by Mr. I'arUc.i, to yiol i sensibly 
ouiwards, by as niucli aa f ineb of conrexity at tlie c«ntre, 
at the inataat of the admiMioB of ataen. The noilinco 
certainly la bnt momentary; it liovreTsr proves the exist- 
ence of an extraordinary pressure at the instant, and this 
is correspondingly (If![ii.:i*lr;itt'.l fvy tin- .ii:icr;irii <>l u.e in- 
dieator. Tito elasticity of the cyliuder-corer, ou tiio im- 
neoae scale of the Omiiah engines, is so severely tried by 
tUa iaitMitnaons pressure thai it haa betn found advist^le 
to dtMonttmw the applicatton of aOttttSng tLmgv« in the 
hcilL.tw fpf till' fiivi'r. as tlioy injure t}ie ready elasticity of 
tbe wbulu i'utiug. Ail such irniptions of pressure are 
simply forms of percnMive action, and thoaj;b tha deductions 
of Mr. Parkes on this topic are of leta tnlao than bia fcota, 
bo baa brought together a quantity of earioos atalttr for 

Spoculatiun,* 

Puisattout of' Suum. — Satisued tUu at IcMt one violent 
vibratory movement ia attributable directly to tlio steam, 
there ia raaaon to baliovo that much of tbe subaequpnt oscil- 
lation, obaervaUo on aome diagrams, is developed by tbe 
stcini":* flaslifily. This iifsiiniptiun ■•u far probiilili' tli4t 
the same indicator plocod upon 'litVercnt cylinders, behaves 
diArentfyt aadeven bo on the6.iiur' oyimJer under different 
ciwwiitiaooe. Ware (ho nndnlaiiuts, in ail cases, due 
mmly to tko naaa of tha Indbailoi^piatan and appendages, 
they ought to be independent of tin' sp'^iiil of ciiu'iiii.'. iiinl I'f 
the reciprocations of the piston; wtivr«as we itud, iu all 
caaea, that their periodicity coincides with the double stroke 
of tbe jiiaton. and noopirdinf^ (bo diaenna of m oonaoBntiTo 
•oriae eomndo, hi Konoral, vary doatly. The tnfiaiMr haa 
been foicnl tu vitiralij freely at thv nite of about 22 pulsations 
per minute. Now in Fig. 11S>, d.?3irr;l>( J at I6k miles per 
hour, with t % M itroko Mid 4^ feet wheel, we find that 3 2 
aiagloatrriui WMvmda per aaceod; at (iMiamo (iDOk dwiug 



•ftaHklHtaB.,iaa. 



11 (ho xttmu atroke, 8^ pvlaatiaoa are indigiit(d, and mut 
II have been doriTored at the rate of (S'Sx8-2) or 11^2 pw 

>i'i'iiii't. wJiirli If Linly one lialf llic nvi" uf frci! vibnitii'ii i/f 
. liio instnunent alone. It I'ollows that tbe indicated pulsa- 
! Uonaiio^toaoneoitaiititltaatidnotothoashButaianBi. 
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Fig. ISO ia ■ ooiB|MiM d ^wgtimL, of vhiah the imdalatini^ 

figure was deseribod at the higher speed, and it ia reiimrl:- 
able that tbe undulations very closely coincide. Also, the 
rate and extent of pulsation is decidedly greater during the 
Bteam-otnika than in that of the erhatiiti ngvlatad apfiap* 
ently tgr tko roapoetiwi mean pwimi i i a in the eylinder, — 
and thia ia % diflereiwe which wnid not occur, wore the 
unduIationB in all eases a mef» affwtion of the instrument. 

Infiifn.'-- f tl:' <i>'-'Wf of Li (III t.i,'- Sieam-dioffram.— 
Tbe diagram, figure 121, was obtaine<l from a looooiotivo 
(Cl]t.,Noi.14i,)Baifliif at Kipaadof 26uiil«a p«rliour,tlMvaIvo 
gearing of which had so woni aa to bsaiah tbe lead, a fact 
which was plainly proved by the evidence of a slow diagram. 
The maximum pressure i» imt atiaiin'il nil m-arly 2 ni'-iica 
uf the stroke is duacribed, the steam being »dmitle<i precisely 
at the commeuMflMyit. While lateness of the adiiuMion 
(eada caaamooly to mtnliao the pulsation, this engine 
noTor woiited nnder Ugh p r e aa are on the piston, without » 
constant imlaatory action like tliat illustnted, ami \v)ii,'li 
ocvaaionally extended throughout tbe wliole stroko, as figured 
in dot-lines. The extant of pulnliaa naehed 50 lbs., ao 
ccfdm^r to the dia(mn,on nmanapteaauroof 8Ulba.««hieh 
i» piop-jnionally the aamo aa in the ease previoualy notteed, 
whore the un lul.itiuii uinui:i;t>''l tu 21 Ib:M. u[Ktu 35 Iba. of 
mean pressure, Tlie extravagiuice of iixn pulsaitioas apjMara 
further, by comparing the speeds of the larger and oaiallar 
pistona in tliair ^lindaiab wliioh, from the data, were respeo- 
tively aboot 700 and 400 icot per minute. If again, we 
compare this engine with another, 0. K,, \", 1 3, of tin- "ame 
class, of which tbo valvn had tbe customary lead uf uich, 
wo find that at all equivalent a p o O d % tito diagrams are 
square and aalid. Figure 106 ia an iTenge sample of the 
diagrani daaeftbed by No. IS, at M nilea per hour, in tlie 
I 1st Doti-li, anil the alow diairrain provts that the piston liail 
I lu'iirly I inuli Iu go at the WUUtt the valve i^jwued IW itd- 
nii^-i:>jii. Tlic pressure of the steam during admission waa 
€0 Iboq and yet we find not one tiaoe of agiution. Asain» 
tbo dii^ian. Fig. 109, waa deoeribed at a speed of S9 ntilea. 
Here the prolimtuary nipple niakr^ it-« aj>p<'ariin>.-t;: tliv steam 
line, however, beoomea perfectly straight, auU the exhaust is 
as regular. The diagram, Fig. 110, was taken at 54 milHl 
per hour, wiian we may obaerfo at last that the andalotionB 
\ justniatohthowofiro.l4«l«lw4Uidorth«ap«od. ThMa 
i fiMtonppiirtoahMithattlw wmlcf lMdiaiepr^adloUl 
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to tbo nignlar imUag of itMra m too raDcii of it. PbIi»- 
tlao «taiiMit b* vlwNil M » attttar «f indiArtncp. far H it 

very powiW^ tlui' ihs point of «n[ preiwiou may occur at the 
Rumniit of aij ujj iuiation, when of course the dense body of 
oteani enclosed at the .lame in»tant is nitiinatvly lilown away, 
•fMr dcochlmig • dttfif indanted and infwior ataam Una ; 
«a the otiier ImimI, it ia M eonwivaUo tliat tho mppicamiin 
may occur nt the lowest [wint of -m uti lul 'i n. irs which 
coao we obtaiii- a few hillorks ot j»vi-jr lur iisiilia.^. The 
influence of the want of h^ad on the fonn of the diagram ia 
likawiM thown in tiw cm« of No. lOS, G. B. («ylinder 
llTxiar, whetl H ItM), aiaitiitMl by Fig*. ISS, 123, 1S4. 




C ft. Nil. HH. 



At tho lime of expcrimcntin; with this PTi-iiii-, lirr vulvi? 
had entirely lost their lead in titc firtt notch or ftiU gfar, 
though iu mid gear it still KDndncdtotlwoxteator A 
For intwmMiiBto Dotclusi, of cnursc. ihv IvaJ was{i(o|Niition- 
•Ily ItM. Titt rircumrtaiicca are at follow : 

Ft" 1"' 5 ^"'^ <l"'i.'™'n. 2 1 notch. 17) mitM ftT knar. 

j Vm line do :i I mirh. 2H{ imi^. 

nt, its ' 2li milc^. 

, Dot liuB <!« „Jili notch, a* mileit. 

.._ Mb ootdi, se ariiiM, 

It n affMMil tint as the aloweiat 
liet(]l,«itliiw smmbfetMMl, exhibit* the heaviest pukitn.n*. 
The 3d net rli, .it a ti'jlior speed, shows but a single pul- 
tsiioD, and of smaller extent, than thaw of tbo 2d notch. 
Witk tht 4ih notch, at a owaa tpead bttman the othm, 
tiw itaut line ia perfectly flat ; and at a creater speed, shows 
an uadvlatioB lest than that of the S<l notch. The 5(li 
Tioich at the highest of all the speeds turns out a verv 
common form of diagtam, ia «hieh the nipple is merely 
rudimentary. It ia to be obaamd, aho^ tint vr*ry diagram 
afaows .in incipient pulsation, where th" r- luni Mr !v. ter- 
minates, preparatory to the nioro obvious miduUiiou wlirch 
commences the Ml. irn liru-.— an appearanw similar to what 
takes place iu tt>« diagram fnmi Hv, U, and whieh iadicate<a 
the sliuitneaa of th* pre^ ad miaaiaiii. doe to inaailkieiicy of 
lead, Theat indpwnt pulsations find tln ir way upwards as 
the lead )• ineremd, till with the Sth notch ihej ta«t'^<^ 
i: t . t!u t'rsti and tttiy panaptiUa oacillatlatt that occnn m 
Hit stciuii-lioe. 

/iKAmmm sf Oitfmm cm fik Atoat-dfo^iwi^TIw inflii. 
coca of otaannee has already been alluded to as modifying 
tirt force of the initial pereuision. It* nse is, however, 
mostly apparent for stationary and marine en^-ines, in which 
llie piaton ntovee at eomptntiveljr nodmta apeadt, as the 
character of diagnun from tboaa ebiaea of engino ia mually 
qtiiet and r<^ular. In locomotives, on the contrary, the 
cfliect of cleanuict! in rvJuciog tbe percauive aelioa of steam 
ia apjMunitl/ of aaiall vflkKgr, «t hi^ apaada. The imm. 



MACHINEBT. 

Imenteof tbei(cMnarea(aUe*«Bta,aaw« hav« ae«n,rcadilr 
coBtrolbd hj Uw diipaaitieo of tbt valvat. in a BMBner tivt 

I cannot be claimed for mere clearance. In the looomoiif' 
I (0. R. No. 102), from which the diagrams Fign 122. l iS 
124 have been taken, the clearance ut tlio cxfierimenlsl r^i.j 
of tbe cjlindor waa oqoal to 1 A incbea menaored botviu 
tho &eea of llw plaloo and the aovor, and tlie total diar. 
ance, includin;:; steam passage and occasional rcoessea, 
amounted to au e<]uivalcnt of 2 inches of the len^tli of 
cylinder ; yet we do riot find that it haa been of any appro, 
j eiabie nae in keeping down iffegnlariliea. At tha alemn 
I speedss &iind that the mw afaeeneeof l«ftd ep an t ai 
. heavy uiidulatious, in «pilo of clearance, ami at the hi'sJiHi 
I speeds, an addition of lead, though small, m'os coiiipcttiil i . 
! remove the initi.il nipple, independent of clearance. Ii 
0. K. Sq. 13, alao, aireadj <iaateil, tbe deanuie* waa efail 
to A inch hotwiTt Out piatoa aid cortr. and th* total d«» 

once was H iii':!;'-'! ; H'-niil'i^l .m j tlii^ ;iilv.iu<3^. It 
have not f. atiU iLat the diagiuiii uto uii •.hi.i account any 
tbin<; superior to those from other cn;;ines of the eanie clit* 
in «dii«b tho pitton ia oosnnooiy bvt i inch etatr of tiw 
eover. The diagrama taken frmn 0. B. No. 51, PtaMoger 
'I L'iconiotive, of the same class, may W n-f rr . f t > as beiit.' 
i^titirelv frM of undulations at all !'p'e<l!!; iu thin engine tbe 
direct I 11 a! ;e did Dot exceed iV inch, and with the leeJ 
nearly ;;onn, the averar;e »ampleB of diiigfama already gi*aB, 
prove the general rr^-uhrity of the mOVCaicnto of tliO atCWl 
The .'■.-ime remark may U- applied to other engines etjually 
I limited as to clearance; with respect, for example, lo (h»' 
Soods Locomolives C. K. Nos. 124, 125, beforo adverted to. 
the direct elearasco in their cjrlinden ia f itiob, and tlio h»d 
I A incli, and their amraso Ibnn of diagnun may fairly be 

rei^eaenle.! tv ri_-... Ilk IH), 120. 

Iiijiiienct «aitr in Ikt cylinder on the !<ttaT:i-dia^raa.— 
It is well understood by en;;inc-diiver8 that the efficiency 
of their enginea ia eoiwidieiaUy depe ndent Bpoa the alatcef 
I their beilent, to ftr aa It afiMta the purity of the waltr frsei 
' which 11 Lirii'mtenl. M< i!iiiii> i not chemical, im- 
purities are tjovv relarred to; greasy ur muddy water, pripim 
into tbo cylinder with greater alacrity than perfectly cJe»D 
water, and it ia very trotddeMOio to diaefaarge from the 
eyiioder when it pets there. Tbe inflaenoe of the pi eawc e 
i of water in the i- . U:i I. r i:],ii;i (In Jiag-rain, is what we have 
at present before ua, and thm, as we shall fin>l, is very con- 
siderable. NVater appears in the cylinder under two con- 
^ ditiona: it primea over from the boiler, ud it anata br 
I eandcnaatico from the atean afker ita admiaiiaa into tlie 

j cylitidcr even in a dry state. The direct resuh of prim- 
I ing is to rai^e the exhaust line of (liv cli.i<:niiu ; in eboit. 
I it increases the back preMOie^ aad impoaea a duty IV 

I theateaoi, of pnmpiag themtar eatof the ayl<>dcrat an 

I enormona «aerifie« of power. A dtflerenee of 5 Iba. of buk 

I preaaiiri . f i . \ :iiii|ile, in an ordinarv | i- ^ ii^r.doconiotive, 
may readily amount to 12 home |>ower expended on ejecting 

I a comparative trifle of mtMt. Two eeriM of diagrama wr) 

I obtained from tbe Ortou immediately previona and sabse- 

I quent to blowing; off the boiler, when th« water had Imni 

I uiiti<iiLi1l\ iiii|ii:t'i , 'jf iliese, tho figure 125 represents fair 

I average examples taken in both caaee at 'i^ milee per iMwr. 

I The heavy lint waa dekeribad bcbrt the hailar waa Uwa 
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of, Md thB dot liao (hows ibo inproveJ dia;;:rain. In 
both OMW the ittim wm off at 11 iiMihot of tlie itrobo, 

nndrr pr«ssurt» of 51 and 46 lbs. renpectivoly. Th« hutk 
proBsuro o! i-xhauiit was bv the suWilttUon of clean «r»t«r 




r^^l»T. 



.1 

/ 

r 









rodnMit (n thwo {nitaaeo from 9 Iht. to oliout 1 i \[>». p«r 

inch; iii.'i in the majority of tlic otiicr (I'l.T.iiiii t^ikcn nn 
tlie iiarn<i trip«, nboa thoijicfitJ^ tiui nut exe«eil 30 inilva, the 
back [>rc«>»ure WM rodlHod from an averago of G lb«. tu 
Bodiu^ witk okaii «nt«r, li k ki«a to b« nturkod that 
tho eomprwoMn lino riaw m gtaonl imch mora ovilj in 
the woonil series of diA<p-aini) than in the fir»t; in tli« latter 
it i» dull and square — uo objection of cuurxa iu itaelf — hut 
it indicates plainly that the steftm ia damp, and the iidicator 
«»tei^logg»l, at ibe inod oppoMi to h>vo boM nonon tbaa 
mtSt^x to |irarid« • timoly ontraaco Ibr tho otMun ttroko, 
which ia proceeded with in a atraight steaiii line. In the 
other caM, the steam beconiea liTely and roorcuill; the 
lead is evidently iu]>erfluou«i|y much, aa ttto oloia Jul por- 
foHDod a eomj^oto ooaionaolt bafan tlio odataMOoaaunt of 
tlto ■trofca. Tlw whole diameter of the eaperior diagram 
proves the extreme sufi j rHjiut v i f am, .ind shows how 
eeriotuly it may be rrtarUcil by lUtt v,Mor from which it has 



Thare ean bo no beaitatMn is aaeribiiig tba differeaoe of 
(hediafianatotbo|irnRingof waterin thafint HittaDee,aa 

it N ri ti-'ist* tif vvitli nil experience that foul wat«r is peculiarly 
lialK tu iulu the cylinder. Moreover, an incidental 

proof that aggravated priming existed od the fir«t day vim 
111* fictiiioua onpofalion of 9 Ibo. of wator por pound of coke 
OB that day; «hileon the aaeonid day, ithm pm* eteam ms 
made, the evaporation proceeded ^t the rate of only 8 lb$. 
ppr pound of fui^l. Another couple of diagraoiei, fig. 12G, 
taken from the sauio engine oik the aamo conaocutlTo days, 
ehom in a etrikii^ naaaer bow tbe ndicator ma/ be 
aftetad by thapnamec of wator awl impwitieB in tha ataan. 
Tn both cases, Ibe engine was hi full gear, istarting from a 
ro:id-«tation ; and whrroas on the second day, nilh clean 
MiULT, .i!; tlir ■■iL.inge.sof thedistril .I'-i'iM, rlwuLi in dot-lining, 
are ckarly deHnMl, tbo di«gnin ia dark liuin^ formed bj 
inpQnatMa9,tniBa etttjitatly anaUMnatiMlparallaiogiadt, 
ia which all diitiiwtioioa am meigid in (wa Tcctieal Una of 
aaoent aod dcooeot. 

Another example selected for illustration ia the cose of 
C K. No. 'S, Passenger Locomoiive, on the Qreonock Ilaii- 
« ay, figure 1^7. this engine, Ib avmiiBa workinf order, wa» 
always affected by a hoaty baek pmaon, dm mostly to 
priming, partially to the laloneea of tha lelaaae, and pur- 
riiiilv ;ii J. [i.i'Uii.ir .■iili|..;al rli.mibor situated Iwtwixt the 
cylinders, into which the aie&m was vxhaustod before its 
final expulsion by the blast pips. The chamber was iJesigni'd 
aa an otr-rtMel, to eiiaaliio tbe Uaeb Tbe bcary liix^ 



figure 127, repreisents na average iliagram Ukeu from the 
cylinder, while tbo water in th« boil«r waa muddy. The 
boiler having ham Uom off, and refilled with clean water, 
the engine tamed out a dit^ram ofthc superior kind shown 
ill l.^lit liiii:..'. li fili of till' i!iaLTav::'i wi r8 taken at aspeed 
of mile;) per hour; and the maximum preasare in tbo 
cylinder was, in both cases, 28 Iba., and tha'back praaara 
feU fhim 12 to 6Um. Tbe maxmmm atcam prasere b the 
cvlinder is »!»>, in tbe eeeond earlier attained, and tlie 

fMiif ''i'ni[i,trii'.jvi- :itaf rilv i ^ iili-'L'rv;il.lo mi tlic i \liaiMt line. 
Tiie d.ai;Fajii8 appear irncrteJ tiiJ fur sisJ, witli t.,-apcct to 
those of fig. 125 ; the commencement of the steam stroke, 
however, lies on the r^t hand si<le. These illustrationa 
prove the beoeCt of lire^aont Mowing olf, in respect of the 

nvailaMh .: ffiii-t of the steam, and the din-: *. i Npvr;' i:oe 

(iS tho engintf-ilrn p r cif N«, 73 — a locomotive oi ancif-nt 
proportions, iu tli" ^pc'ia^ case before us, proved howacnsiblv 
eaaijr it ia to keep «p tbo ateam witb a boiler free of 
medtanical impnrttiea. Yet, nperier thoagh the teeond 
diagram may appear to tho first, they are bi:t)i i;iiriv.al:r.ii an 
specimens of tho action of water-logged ttiani, fyr even 
during the admission, about which there is commDniy tha 
leael difficulty iu setting tho ateani right at tbe aoaiBicnea 
raant, the maximum pressure w not m a eh ad till from 9 la 
G inches of the hu-.U- ;iro described, and with tha lai* 
advantage of iV <i)cii of lead. 

The dravthack on the effect of steam in the cylinder of 
tha loemnotiire^ on acooaat of the foulaeas of tbe boiler, haa 
been dwelt upon now, only beeanae tl aflbetad tha eeollgnni- 
tion of the steaiti-diaErr;'-! TIj.' tul ir ct <,t priming shall 
be afterwards treated iu .Jila.L Tliai the exags^-ratc-d back 
pressure due to the foulness of the boiler, is attributable 
aimp^ to tbe greater quantity uf water isartied over by the 
sleam, li phmid beyond doubt by the ooeonenee of tha aama 
drawback in the ease of an over-f«i?l V« i! -r. cxan.p!" of 
this kind occurs in the course of i..\pt.rimti.tB coiiduciijii by 
hli. D, Gooch, upon thu resistance of trains, on the Uristol 
and £]ceter Jiaiiway.* The locomotiro (Qnat Ikitain) waa 
in ordioaiy workivg order, rannin^ at M milea per hoar, 

while the first diagram, shown in 
— heavy lining, fig. 128. was taken from 
the oyliuder; iu the second cose, in 
light lining, tbe boiler primed he»vi> 
)y, » piNMmMwn wUeh when ex- 
eeaeivo ia always discerniblo at tiie 
topof the chimney, and the diagram 
shows not only a reduction of the 
■team-line from 63 to 51 Iba., doe 
•rbMki 




■olaly to priming, hat i 

a mean of 15 lbs. to Si lbs. 

The ominous tardiness of the compression line which was 
ap|»arelil on the jirimiiiL: <li i.;r;iin lakcn from the Orion, ia 
visible also iu tbe case bciiure ns. The saltatiott of tbo pre^ 
sur<! in tho pnsent Instance, is withoHt doubt lafafribla to 
the obetruetioD oibred by tha body of water in the cylinder 
to the prognaa of tha piatan tawaida the termiuMioo of tlio 
retain atmke;. 



* Ueport of lli« ComauaskiQen of Bailwavs en Baileav Couuni 
lieo bteaaiB iMdM and BMai^MM% jaift 
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Auoilitr (juc£tiui) an isis as to the influenoe of n>n<lenM<l 
steam in the cvlindcr occasionrd «ub*equently to the arriral 
of tbe Hmm, It htm bam afaoiiiUnllT proTtd tfaat ir»ter 
of MBdnntion ii, c^nUj nifb mtor ti prininf , pvadaeliTo 
of back pressure. This will receiTe further consideration in 
ft fo1loivio<r chapter. Meantime, it may Lc suled that in 
gtlior.il, am) indeed in all the obaerrod easM, particularir 
with outsiJe ejlindwt, tbe leM tbe period of aidniamao 
latiTo to tlM wbeb Mnlco, tbe gmter n Um ^imtity of 
free undr cxliting in ihe cylinder. Tliis is &miliarly 
prottiJ b,v €X|»criencc of the indicator; it is usually 
flooded with water, which passes the piston of the iiiHtni- 
uent and WMpee m opnjr from tbe ilot ut th« of per |>art. 
when tte ilekiD It voilMd eipmiteljr; tad dw ditdutrge 
of water increases with the proportion wUeh tbe period of 
expan»ioD bears to that of adniigsion. 

Theee rroiarks are particularly applicable to outside 
cylindere—ond tbe diegimnis obtained fcon tbe loeoinoiive« 
OR llie CUedooiaii BaQmj, eatilinB the ganeial cwieliielon 
that water in tbe cylinder, bowerer it may get there, smooths 
and levels the sleam-ltne. This railway, com[io«ed of 
alternate i;iailii'nts, is peculiarly adapted for illastntin;; 
extmnee. Witli tbe tioode Lueomotivet, it general]/ 
happeatdthatof MwdiigiiuiitaiMn eowecntlealy on tlw 
iuooeoding and descending aides of a donUo glldieot, under 
the same notch, the first and heavier one poMcieed a steady, 
rer;ular steam-line, with little it i:u hu iulatii.u ; \iliil.' tli" 
ac«ond, taken shortly after doubling the summit, had a 
vtelentlj utniulaiing s(eam4iiw. The diagranie. Pig. 1 20, 
taken from 0. K,, No. IS4, are an eKanpla of thk elaai; 
the valves were mainfained in fnll gear over a summit of 1 
■n ,1^ tt.Tv «-4.;iwvvrly ^-4 Mi'l 28 niiles. 

Ttie agitation of the £lcani-liue of the second diagram may 
he explained bjr tbe liveliness of the steam of low pressure 
and tempnalon mwking itj in a cjrlinder wbieb bad ju»t 
before hem heated to a blgher temperattire — ^with a ipeed 

of pI.-Io:i vS in'ai'lv 700 fi, t \>fV iiiliiiito. M;ki:v l.i'.v ]ir,--sure 

diagrams (ak«ii iu full gear, pu»»i»i«cd, on the coulrarr, a 
parfitttlj straight steam- line; for example, tbe Mialler 
diagnm io Fig. Diagrame of this chaawtor were, 
hewerer, comnioulj takeu on light runs, or wbea the 
< yliu l^r Iiad not been pnviowty betted viidar » boavier 

presdure. 

ItscArtTDUiTiGS. — 1. The pnMWO of eteam in the ejISn- 
der, during adwieeioti, at the hnw apaeda, and iriun the 
valve-gear m In good order, ie aeoeiUy WflltanL In fall 

U'-':>l'. ih't'e \* ]'<> niuteri.'il <.viri-Jr:iivitig Ufldtf Ik apQad of 
piston of about tiUO Urn. per niinuro. 

2. The shorter the adnii««!on iii Uie same cylinder, that 
ia, tbo abortar tbe travel, the lower is the speed of piston 
at wbtdl wb«drawing takes place; and the greater is the 
fall of pressure at t.lii^ lii:;lifr fi|)i-r.i-<. 

3, The resistAUue to ttiv progress of steam through tbe 
pawiga to the cylinder is considerable, and increases witli 
tha opeed. And, there ia a certain anumni of opening of 
tbo port,— in all eaica mneb lesa than Ua total width, — 
beyond which any extra ofHiiin:; dnoi im,< furtl^'T facilitate 
the ingress of the steam. This i» pruvW by the straight- 
lies* of the steaui-liue during admission, ai the Ipwer speeds, 
indicating that while the opening of port inoiaaaea ban tbe 



lead at tlie beginning of tlie stroke, there is no coneeqaent 
increase of pretsare. 

i. The nnaUar tbe lead, tbo lata ia tbe apparent wirO' 
draering or fall of pnaawt. 

6. Increase of lap with the same opening, up to certain 
limits, operatee in reducing wiredrawing. With the outside 
1 5-ineh cylinder, 1 } inch appeata to be the greatest useful lap 
for tbia object. With the oataide I7-iacfa cgrlinder. li mA 
wirednwanioiofhMie^btholS-faMbono; and HiiptabaUe 
tiial for tlie larger cylinder, 1| inch lap would be preferable. 

For the 15-incli insi<le cvlinder, at least 1 inch lap ia 
beneficial ; and for the Is in li insi.le, at least ^i inch. It 
is probable that an additional i inch woold, in both eaeea, 
furtbar mdnoa thn windmwing. 

9. Bejroad tbo naafal limita of lap, in promoting the free 
aelion of eteam, additional facility ii to be had only by 

cnlnrL'ln;; tlio cnifs fi ction of Uie vt< ai]i-pa^5a;(\ Tlius, we 

find that with (he same lap, 1 inch, the aeelioDal art* of 
port of the Oreat Britain, JLth of thai of tbe «)rlinder, per* 
mite of leaa wiredrawing tlian tbo ni«tlf«fy amlhr parts 
of the other inside cylinders. 
It follows that long lap, in cijiiiiin'''.ioa wilhwido pertij, 

ireducea the wiredrawing to a minimum. 
7. The more drr tbe etean, whicli it ie b fanida cgplhK 
ders, the more aneeeptible is it of apparent wiredrawing. 
I because it enters the cylinder more freely, and attains a 
' higher initial pressure. 

I 8. For the I (-inch cylinder, ports 10 x inch; 1 ioeh 
I lead for insidea, awl A huh fiir ontiidaa, or ona4IUi and 

I one-fourlli of ]iorl rcepcctively, arc sufficient for aecoring 
I timely admission, at nil speeds, in full gear ; and about 
nu ll in mill LI -jr. In the kn I r r:iM'. less lead is needed. 
a* ilie pmturo is already brought up by ooaipceaaion. For 
the 18-inch cylinder of the Great Britafalt 4' Indl had, OT 
barely one-fifth port, ii amply anflaiaal. 

9. When iba lead te redntidant, wbfch is commonly the 
case, the steam is .•»ittiiilt".l s.i r:,>l'.y |i. Itr iiiiin'eiiiiiriU- 
conipres»e<i, and to exhibit on liie diMgrani on exalted pres- 
sure, doe jointly to percussion and compreeaion. Tho 
greater tbe lead, or the higher tbe apoad. the mota IntaiHO 
is thia initial pretsure. 

10. Tile iiiiti.il ui iii.n of the steam, when considerable, 
causes, in some cases, a pulsatory action during admisdou, 
which is likely to b(^ to Bonie extent, an aflection of tbo 
Btcam'a motion, nt^ganted on tbo diagram by tho iniei^ 
fi-renco of tbo indiealor-Bpring, aa the Tibrat4n7r metiea 
occasionally extends to the end of the stn.kt' 

11. Tho absence of lead promotes vilmt'jry action during 
a<lmi»sion. Thu», too nmeh lead, uwl v.n lead at ail, at* 
equally prejudicial to the iniifiHnt aetion of the steam t «be 
reason (wing, in both oireonataBOM, tkat the piston ii ioma 

I disunce from t'le m l <t the bcginniBg of tba ainka, at tbe 
I instant tho port is opened. 

12. As smaller le«d is required for shorter admissiooB 
I than fur full gear, the diatriba^ yielded by the wtattiwiaiy 

link, which providee tbe Mine lead for all admianona, ia 
more favourable for the regobr Hi tini < f tin' tli .iiii tli;m 
tliHt yielded by tho shifting-link, as iu the latter case the 
lead increases as the admission la Jmrtanad , " t b o lOVCiaa 
of what ia naUy raquind. 
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13. The amonni of clMranee, in ntjwet of its total volume, 
permiltod between the valm Mid thi* fUbtm^ hut «• MMibIa 
iaflwoM OB tba Htm liini> 

14. Tha prsMnce af mlar fn dm e^rlindar, wlutlur tt 

arlics frtiiii priiiiin;; or fn in toiiiiom-alioti, Ijrakes the steam ; 
m it lowers and straiglitetts th« cteain-iine. thereby »p- 
|tarent]y radiuing wiredrawing, though this is actually 
inataaaad, batwaan tba niv^ikuk aail tba qrUndar» bj a« 
ittwlinaial 



CUAPTER IV. 



Or TUB JDuunoirc or Stxah u tbb Ctuxdek duuj'o 

Is treatiiii: tlio h-uljj^"-t i.f fijiansiim by tin? asststanee of 
diasrrams, ilie irif^uUi iiifs "f thtsse will be redneed to a 
mean {Mth whi re ihci-^'.u v, in the nianner already ex- 
pl«inad; tba majority of the diapMaa laCniad to in tUi 
diaouatfoD ire very «teady, and in naat aaaaa tha lifanllT 
indicated pressures Lava been adhere^! tu. 

Qetund prineipU. — During the expansion of a body or 
•team, tbo praaaore fails as the volume increases. With a 
aoutiBt taapmtun^ tbo radaelioa of total pressure is pro- 
portional to tha inereaaa of voliuno aeeonliog to Boyle's 
law; so ili.it, if t lie volume be increased to two or thn v 
times th« iiiiual volume, the total preuora simultaDcously 
falls to an«-lialf or one-third of the initial pnasurc. 

JSijpawMW ^Hmm in tie eylindtr at 9try ilm ipttdt. — 
To repima oor example, Fig. 95, page 69, let a b, in tbo 
annexed ficniT be tin- ntiiiosiilioric liru', nr s-troko of 
piston ; kb, the pei-iod of ^luiili^iou uf steam ; and the 
baight, A a, the uniform indicated pressure of CI lbs. main- 
tainad during admiaiion. Tban, tlia toetaagla, a«i ia tbo 
mm of affctif* pnaian dot «a t)ia poribd «t «d«»i«ioB, 
«adartliaa(aHi-1ioo«aL llw«KpauioiMiiro«a^ indark 




lining, expresses tbo progressive fall of pressure to 23 Iba. 
indieatad, dnriof an iaaieaae of Toiiimo wban tba bot of 
tlia pwtoo baa paand from ( to tbo MlMao-llno da. Tbo 

total rlNuance between tfio valve ^in.l tiio |■i.^tl)n innnunu 
to 1-1 inch of the length of the cyUoder, and this must be 
added to the volume described by the piston, to find the 
total TOluina of tba atetim. Tlie stroka of tba piatoa ia 20 
mdiaa, and tha potnte of sii{i|>r< s«ioa and rdaaaa ara, bj 
measurement from "Jn' tj !) :uvl 1." iiiclira from the 

b^ianing. Add to each of these, the clearance, I'l inch. 



and (he sums, 8 luid 161, are the inches of stroke occupied 
by the initial and /nal volumes of steam, at the b«|fBBinf 
and tha end of tba expaniioo. Add tbo raeta^gnbr apMO 
A 0, M mch vide, to l a pw a an t tbo elaanuioa, and dnw dm 
iiro Ittic of preaaare, D «, 1" ll«. Mow the Ifrni a n, as tlie 
true base-line for the expSkUsiuu-curve. Tht'U the total 
initial aD<i final pressures of the sioum during expansion, 
rapraaantad b; c/ and a ^ sia 76 aiul 38 Iba. Thu, wbila 
fho total vulninavaa niiad liwn 8 to 16 inahio, or doublad, 
the total pressure fell from 7C> to H'! lli«., or to one half. 
Hera w« find a coinrideoee wiUi Ik^ k'^ Uw, at the ex- 
tiaatitiaa of tba curra; bat, if we divide the period of 
tx/muea, /f, into tm ttpai ftHM, and draw vartioal 
ordinataa ftom Iho pointa af ditialeB to (be o>panaiani«nrv9, 
the ordinites measure successively 66,47, am! i\ II f 
total preasnre, for wbteh the total volumes are 10, 1:^ iiud 



For 10 ineliBd. T'' X 1^ - CO ft IV. 
M „ 7axft»1311bs. 

all in exeeat of thosa Indfantad ; and tbay woold belong to 

tlir> I'urvf in did-linirfj, which properly rfprcsrnts tlie oper- 
ation of Buyie's taw, and which touches the actual curve 
only at the extreme points. 

Again, had tbo ataun aaitbar hiat nor gtiud Itaat daring 
expansion, it woold hava oipandad aenaiUj aoeording to 
tilt laws of simply eaturatiJ fti.airi. l! is in the stale of 
saturation during admission, and we oat readily find the 
duo curve of expaosioo. The relative volume of saturated 
ataam of 7c: ih^., is ST?; as tbo wlnma in tbo ajrlindar ia 
donhled by expansion, h bacoBtaa 7M, and thia la doa to 
s.itiiratf i .st< .ini of 33} Ibs^ which is 2J lbs. Ics^i than the 
indicated pressure. For tba tliroa intamiadiate volumes, 

tha 



Fir 10 inches, 377 X V = *71-2. rol. toL for SBi Ha. 
12 inches, 377 X V = 5. rel vol for ial Ihs. 
14 inches, S77 X V = U^!)-?. rd. niL for 41 lbs. 

The four pres-mrea so found, are represented by the curva 
of wiuraii sti, in light lining, which I'or tlm u'feater part of 
tha expansion liaa abova tba aetual curve and osi/ eroaaaa 
«nd pnnaobahnritnatr theatrtnanilgr. It ia hanaa to bo 

inferred that partial condensation took place during the early 
part uf the oxpauaion, and waa succeeded bj a slight te- 

F4. in. 




evaporaticn , wlun tlip t.^mpcrnfuro of ihc sl< ,ini, wliicli fallo 
with the pressure, got lower than that of the cylinder. 
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The exatHple Uiorf da is on« of a series of alow didgraiiis. 
Fig. 130, takt-u «un8«i-uik«l_v from Nd. 33, C. K., wiili difftr- 
M parioda of adniiaitiuu And expuaiaiii aa ngnlatod hy Uio 
note hen of th« valve- pear. The lbUowili|r UUe eontuiw the 
f.(-<'li.siis I'' tlii^ |-,>iihh »f flip]. regaion and rd^i-'f in iiiciKi 
of stroke, mcMur' 1 Inim U<« dia^raina, with rteitnuaee, I'l 
inah indiulad; at> l :uho the ratio of tb« inEtial and final 
nibunt m eipnwcd. it cootoini alaa tha total initial aad 
flaal pnararaa, for tlia «qiamion-«iim, naaaind from Uia 
di.iirr.ims ; and an extr;> ci t.rii:: the total finnl ] r.-^sunrai 
which would bav« resulted from the ttngie operation of 

TABIM M» XXT/-OF irXPANnoN OF IN TH8 

or C. R No M, AT 8I/JW BrKEKS. 
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Id tliii table it appears tliat for the shorter pvriod^ of 
«Xf>an!<iun the pressure fulls below what is duo to liovle'j 
law ; and that for ih-. lonp^r expansionB, it risea etmtidtT- 
aUy abova. Referring to the diagrama. on which tb« 
paaaiui-rarTes due to Bojla^ m firoj«cted in dot-lines, it is 
plain that, ^eneriilly, tn tha irat atsfjr-s of expansion, the 
n i-i:rvi - nks below the dot-curve; t';;-l, ■i itie 

ex)i»n.'<i<>n ht (ontiBa«d materially beyond <lotihl« the initial 
volume, it rina abow the dut-curvo. The conatmiaia ia, 
that aa Ui« maan tauipaiMin* of the tinder ia act greater, 
and most indeed be Ian than that of the Mram whi«h fxstn 
ibrouih it, the teiiipcratur© of the c l iii r is l.jrt. r tii ui 
that of the ateam during admission ; at litis time, therefure, 
[arti.tl cdndensation takes plaee^ attended wHIl twoiaaidta : 
tlio fgimation of water, and the ntisingof tha tandf^fatara of 
the cylinder. Rsfiaaaion begint, and oondenioitlon pn- 
ce«d.s and a ilii I' s the fall of pressure, until f!s ' ■^i-naible 
heat of tlio Mi'ikin beconira equal to that of the cvlinder. 
Aa expansion continues, the temperature of the Meain ne- 
cejunly falls below tliat of the cylinder ; then tliv ataam 
pruviiiui<ly precipitated aa witar, is rtveraponited wholly or 
partially, and thus a final pressure resii!'^ < viii hii;lier than 
wliat ia due to the indicated initial {c;!.t<»ur«. The masa 
•f the eylinder ia, in short, an equalizer of temperature and 
preaeoM: it alternately absirans aud restorea theoe eie- 
nenta ; thongb lha natontien in ouiy partial, aa beat ia eon- 
»lantly dis«i{>ated throuj^h the cylinder into the atniu^ipherp. 

The foregoing diagrams from No. 33, C. R., were talien 
under extreme eircumstanceB, after a rtpo»e of M>rno liour«, 
during whicli the eyluui*' had cooled. The cylinder, if 
aa the ontalde ta, in ganaral, »oi« or leia a eondcnaer 
of stesni. ;i:-.l its action as such I" lln- iDorc jcnsiblo, the 
greater ilio drjre* of ex|>an«ive v.vrkn,^'. Indeed, a dia- 
j;riim, Fip. 131, taken from ('. U.No, 12.), Goods. imnie<liately 
at atwting, after two boon of inaotirity, exbibita ail the 



symptoma of coaditiigatioD : a walcr-Io^^esl iodieatar, a 
nd yneipitous stcam-litiD, — which, had tlie 



J 



■e.n.»».m» 



f «. lu. cylinder bean quite hot, would linvn 

fellowed the dotted e n rra , a n !»!»• 

finiiL- >uppreisiou, with nothing well 
Diarlced but the point of release. 

That the nieau temperature of tbn 
C{f liodar rery sMMh afceta the aetiao 
of the ate9UA,ie eeofirmed by a nnmbetr 
-jgj, riMliiiiiii "-^-^r o( "low dia^nni*, Fi;^. 132, taken 
from No. 13, C. 11., immediately afier 
an express trip of 27} mile*, while yet the cylinder was hot. 
The diagmma, we iind, are aliaip and aquan, and enhibit 
BotUngnf the fitdatiakn tntaabl* «b thaaa tnm K«. Sil. 

The followins table, 

I :; — — - |r eon»tructed like that 

for No. 33. shows the 
relation of the total 
initial and final e«l- 

unies airl nn -^MirPS 

iluriniT »i!..;i!i»i<in, 
taken from the div 
the eicar* 
for No. 18 be- 
ing l'S2 indie.' of 
the luu^ of the 
^linder:-" 
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In the kettei cyliodi r of No. 1 3, an expaaaioa mto ll 
tiniee the initial volume, brin;.;^ up the prmmin to an eqittU 

ity with ill it :>i :i l:iblo by Boyle's law, as illustrated by 
the dot-eurvpii ; iliis could be done in No. 33 only hy an 
expansion of double the volume. 

Qflkt txfwmmk ^ tUtam in tiU tj^utitr dmvif npim 
««rt.— Though it ia impnctieable, with the link-nwtion, 
to promote the ex]Min?ion of fleiim by c infiiii niut, n i- 
terially farther than 3^ times tlie initial vtslusiie, wti may 
note that ex|M>rinieni« on the nitininte expansion of stcain 
iu tlie eylindera of atntionaiy ei^g^Ma Itave been made in 
France by M. Marin. He found that with « ratio of 1 to 6^ 
the ini :i;i > rr r. leckonul on the area of the di.igrair., i!" I 
not exceed oue-lhirticlh by exccfs when computed by (lie 
Qoylean ktw. As theiie experiments were conducted with 
inforior |tnacBKa and under other eiceumttaneee than thoea 
which attend the loeomoti?«i it ia neenaary to hiquire 
specially into the expansive action of steam iu locomotive 
cylinders, under actual circumstanm. It has bt^en seen 
ili;ki the eurre of ex|iatinon afiorda a duo to one cuuditiou 
of the steam ; and it will waiet na is eatinwtiqg the aoMmnt 
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of (imdMimtton (hat prmn>< in eylintler* min imperfoet 
[iroti'CJion ; and tijis is, in truth, llio only "iil'j'-ct of prac- 
licat ittMretil a««>«iat««l with Uie qaali^ of tUe ffit|N!ii)^iun- 

TIm) two olaaaes of cylinders nnd<<r experiment, the rosulla 
Ttnm wliii'h may b* t-xp^ctcd to wtitrast most obviously, aj-o 
tliu inside and oatside classes,— <ir generally, the fully f - - 
lect«(l, and tbe {nrtiall/ protectoii; aitd if it be true Uiot 
pratMllaa u of my momaiit in (1m aeoiMniaal eeBnm]Nim 
of steam, tlie benefit ouirlit to b« made obrions on the ex- 
pausion-curves, in »o far as their final prcwuros arc regu- 
lated by tttniporaturc. 

Of tiie iiisHle ejUnden which h«Te been aubjecUid to e\- 
iwrimaolt it may K» txpUoMi, tHut aH tt tbtin are in ib» 
asual way placed inside tlio smoke-box. and, in wfnpral, totally 
envclo|>e<l in ils Mino^phvn of hot smoke, or in a non-cuih 
dui-'tiuj; bed of cinders, as tlio case may be. All tlie outside 
eriindert aiw th«ae of the tocomotifM on tlie Caiedoniau 
Bailmj. In ganncal amBgamant, tha paaaangaMaginM 
nra tnueh alika^ and as alreaily pxplaininl, th«y are .liniilar 
to tha Sotrth Wtstvrn liailnay elass of pa*stiiger-Ioci)tuo- 
tives: viiii lir- 1 I li twern tlio outer and iiinor franie- 
plaiea, and eiobracud partiaUjr bjr tbo plates of tha amoke* 
faoK. On f ha ottttt wd oiMtr aides, tbo cylindam an 
praotieallT beyond tbo btnefil of tlic positive heat that nmy 
eiti.tt iu tli« Mlloka-tlOX, and there is no felting about them, 
except what may be packed into the hollow.* of the front 
covers. The oylindcn of the gooda-angines, plaead entireijr 
dor of tlw amolMmt, *r« hung Ihmi (ho onlMdo of tlio 
frame-plato, drrivin^ iio benefit whatever from its warm 
alnio«plicr«!, and pAitectcd only by a sheathiiki; of felt ainl 
sheet-iron. The .nlylc of diagrams described by the greater 
number of theao auginea, baa alraadj been itluatimtod, and 
it {a ww aaa w y now to nialii|ilgr Ui<ir annbor, Thaj 
have been carefully rodtiaod, wkiMaaeiBaarf, bf (haniothod 
already dcacribed. 

The following table, No. XXVII., pagu 80, founded on 
tha diagrams from tbe (ireat Britain (dia^m-plato 4), is in- 
tndaced, u it exhibits (ho raiuar hi whidi oteh of (ho dift. 
pram^ has been analysed, and the mode of deriving the 
moan results for each cylinder and each degree of expansion. 
The inilicalcd pre«sures of the steam at the commencement 
and tormination of the allotted periods of expansion, an in 
tbo fin( pfaiM ms MU wd bom tiia ^btgitm ; (heir dlaaf^e- 
Dient with the law of IJoyle, is then ascertained ; ihr nii iii- 
titiM of water in the condition of steam, are next iiuiluetJ 
from the measured pressures and the known voliinici at (he 
pointa of soppreasion and reicaso; and &»lljr the diffenmesa 
aTO csprasod in paveantagea of (ho initial eqnivalenta of 
water. In particuliM-, the firrt cclninii ■ f !l. ■ ;.iti!ij riiriin;n5 
the positions of the points of suppi t-asi'Ui acid tt'eaiH', mea- 
sured from the heginnlnr; of the #tfa»i-stroke, 'n which the 
denranoe is inclndod, for tbo rasfiective eeta of diagnma. 
Tha ntSo of these valaes esprssasa also that of tha initial ' 
and filial Toluui-i ■ f (1 r -team for the ] . r' . I .jf expansion. 
The fourth niA ;lnh culumns comprise tin mti pressures <>f 
the steam above the atmospheric pressure, as indicated. The 
sixth eolwnn contains tba final preasurea dednced exciueiirelj 
by Bsjjrlala law fivin (he inttial pnasniM; and tbo differ- 
cnosa ol the final pramins an calenbtsd and as indiested 



I are eontalna^ tn the saTenth aolania. Tka two neoHidiiig 

c il iiiiii" III V nil I • piivaltnts were comp<ised in the following; 

matiiier by means of tlie table of Pn>|MTi ies of Steam, already 
! giren. Example; No. I di.iLTam — To find the volnmoof 
I I'tcani ndtuittcd, or tbo initial Tdnme : The crow im of 
I the cylinder, IS inches diameter, is 2.^4*47 *(|tiare indiaa; 

tli ' total volume of steam admitted occupie.'! lU'.'iS inches 

I of the length of the cylinder, and ia equai to ^4*47 ^ 
— 4975 cabio indies of steam at 66 lbs. aeoviblo pres- 
sar«. Now, 66 -f 16 = B1 Ifaa. is tbe total pressure of tha 
steam, and the relative volume for this pressure is SS.t; the 
volume of water, as steam, is therefore 4. '7 ) — Srul — 1 
cubic inches, as set down iu the eighth column. The final 
C'pivalent ia detemineii in the samo way. 

It upp!>ars, plainly, Oram the taUo that the influence of 
spired on the relation of the initial and final qnantitias is 
appreciably ni.itliiii'^'. Iti cirh ^mvui|i nf iM-rains taken 
under 0Q« notch, the diBerences appear, in ueneral, to be 
equallj gnat tbnmghout. from the lovre«t to the highest 
9)ieed. The means of each group may, therefore, Ire legi- 
timately adopted for «oni]iarison without reference to apeed, 
' which considerably simplifies the inquiry. On the contrary, 
J the results from one notch differ vei^ aenaibl/ from thoM 
derived from tba othan; It ia tharafan nacsaaary to dis- 
tinguish these resalta in the abstract table which follows. 
This table. No. XXVIII., is a summary of the nicm rt^ulta 
derived from detail tables compiled for the engines named, 
similar to tba S7tb table, for each o^tinder and notch ex- 
porinientod with, and eomprieee the aubatanoa of nnmerotu 
'!iai,TaiM8 for caiili eaae. 

In the first columns, the dimensions and ratios employed 
in tlie formation of the succeeding columns, are inserte<l. 
I The tenth and fonrtseoth oolnmna contain the p«reentag«« 
• of tbo diflarenees of preaauKa nod cquitnlania, in taniia of 
llie initial quantities. The total av«m;.'e8 of the ratios of 
! expansion, and of thedlSereneea of final pressure and walor- 
I equivalents, ut addad tor (In iaiido and ooldde oylndan 

Iseparatclv. 
Of lit Fhtd JVMHfKF-Tho eootaota of tbia taUe abow, 
.vhat was found in the cose of slow dia:;rsnis, that, iu each 
r'vliuiler, as the proportion of the final to the ln)ti.tl volume 
is raited, tlio ditlercuces of the Glial presauros, positive at 
fical, b«eon>e Icoa, and in aome caaoa negiative, when tbe 
pmanra Boyle, Cillfl Iwbnr tha cibaatfod pMWUM. Bat 
rl ? i;;"': lii-iHtv of pressure occurs only in the outside cylin- 
• li i'd, 4iaU ullti Uio total volume reaches Olio and a half times 
the initial volume admitted. For example, in C. K. No. 
when tho steam baa expanded to 1*6 timea the initial 
votnncv the diterenea of iwosanTa ia aegiativo, and amooats 
to 2'2 pi r i.M.nt,, ah t in No. 125, after an eTi.:n>.;u:i nf 
timea, llic diliVivnce is — 0'7 per cent. W'iiL ui uxjjtiiiJfd 
volume of double, we find that while, in the inside cylinden), 
tbe difference remaioa poattifs^ it faila to — iU per cent, in 
No. 81, and to —11 per oent. in No. ISB. 

VarialioH of Wat-^r-Equi^ if' i> 'i.— \u ( \ for 

ihn smaller expansions, the linut ,s Iti^a t-li;t>i> X\U luii.al 
equivalent of water, and the greater the proportion of cx- 
panaioo, tho more nearly do the eiiaivalents reach eijaaiitjr, 
until nltiantelj ii nnw ef (ba e^rlmden tho dnal becomes 
jpwrtcr (ban tho Snitiat In the lint aeiica of tba Orsnl, 
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Briuin, • gnattr wgmdM mnrt* tbe diffwuM inm 
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—9 into -f 8 n f cr ent.: mi id Vo. lU, ^7 into -I- i« 
f«r cent, of nwt*. 
FMhar, ftr kqg a^uMgaa, tka mmubt 



i»6mmiey onlj in Uie inaide cvliulr-.; In tl,,, ,.xi> .>f.| 
cjIiD^frs, wo hare teen it to be grtu-.]> iu txcuto; auJ w.tii 
is'.K i-1 win h, ill tbo 6th Dotfh, expands tL« steam iniu 
3'3S tiiue« tlio initial ipoIuiim, the diffmnmavtuaUjaiiMunu 
toia«RMwot67pMr«Ntt.orthftiiiitnlc4ainluik TIuw 
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it appcan tkat tb* iiAmiew tm mnre klTiM-teil by iDCfWw 
«f WpMliMIt tlw grOllCf (lie exposure of tha tyUaAu. 
That th* dtfl«rane«t 4u« to greater expiitiriana tfrndi 

moro f(ni.-i-iii-i-;i',>le in tbeoutniile luiiici.-, is i.'i'.'i. ri-ij rui-.ln-r 
»|i{iareut. by eoolrwting tlio total iiv«i-agiv< liiii--! in ilc 
tAble. Thm iadiotte that, generally, in thv ii:-.! k' rvl ii- 
dai^ dwiny «n eipaariux fram • Talanw of 1 1« (lu> 
•qairalcnt falb 8*8 per crat ; whITci, re tlie (mlinde djlindcr. 
an expiiii*!.)!! nf 1 m I 'f', ra'^i-i tlie ccjiiiv.ilmt 10"6 per 
wot. As it is cicar tiial, jjeJitrally, the greater the degree 
af axpanskm, tite greater also is tlie eseew of tho final quan- 
tity it vatar in tlw ootMlition «f ataMn, it ia daHakla tu 
aacartaiB at what awraj^ late ttiii mceaa Inocaara. Th!» 

rnav li<' fiiui:'! ^ni[ilii:':inv tiv llif; method of tlie curve, 
alrcadj rinpiuj-iMl in a prrvious cliapler iu the discussion of 
valro-mation. Thm, lat the base-line x % Fig. 133. 
ba aMunad to raprcicali by aqiiil dlnaioMb tlto pitopartioual 
Tolaniea of azpaaaion, iBManrad {ran a toaarda B — not the 
total volumi's, l.u: sinq.lv tlii_> incrfnienta of volutnt- d'H' it. 
expansion. The tliviKiuii from 0 to I will then n juts^at a 
Tolume due to rxpanition equal to tlie initial volume, and 
tboogh markad 1, aignifiaa a total Tolnma of doabia tha ioi- 
liaJ. Similarly, amme the vertical actio ao, a* a neanm 
of the percentages of il'fTf irr.re. Di'aw vertical ordinates 
from the line ab, tlirou^lt iliu points corrnipouding to the 
amount* of expansion given in the table, set olT, on these 
ordiuatcib the nIatiTa parvcot^gea in tenia of the Tortical 
teJk, md dai^pnto by alan Ao pohita CmhhI. Far 
example. No. 127, with an expanded volume of yield« 
a perceat^a of 46°3 ; from the point in a a, representing 



an incTHIMnt of l*84i dmw a vertical line equal in length 
to tho puremtiga, 4M; iNaaarad by tho fertical asalei and 
tamimto tho Hao with tho aieii A A linik cumd ar 



Ham. 




straight, traced through this series of stars, taking a 
nean path amei^ then, wilt icprewnt, by its direction 
and fann, tho naw iM* of varfa^ of tha pareentage in 
question. Uinia pancntasea an pUtead hahnr tha baao> 

line, and positive peretntagM ahove. Tho operation httng 
10 performer!, for tlie <iut>iijL' r_s liiiii.'r". ri'S sl.uvvn on the 
figara, we iiod that the mean percentage lino a 6 is straight, 
ud if pKodaead wooU tat tho Tertical a c at 20 per cent, 
below tha baao-Iine; it alaoaita tho baae-line at e^ whieh 
repieMoU a total lolaaM of I'f 8» and ita apptr and, ^ 
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rtuLes a porcento^'e of 70, at tlic oxtrcuiitj of ou ortiioato 
inililMting a total expanded toIuuc of 9*4i. Tbe straight- 
mm «f i1m lint inpliM that •qaai a w t —»li «f rapatusion 
itlttiT* to tiM ittiti*) ^Taia*, m MMmpAnlcd hy pqual 

■dditi'ir-' 1" t-"!'^ jXTivT.tiii;'". Thus, accoiiim^ to llie dia- 
gntOt tLe foUowuig final Tolumca by expansion, iucvr ll>« 
, A* iaitial mluiM Wag L, 



■ 


llaecntAftfor l>Lr- 
Jmac« <X WaUr 










150 


— 12fi 


M S Mr (Ml. 


1&3 


0 


MO » 


200 


+ 17 SO 


32 5 ,. 


a-w 


+ n6 25 


IJtO „ 


3(10 


•f 5500 


130 


4-60 


+ 79V 




4-00 


+ «■» 


1 



the difference for vacli iiiL-n'riu-ut of expansion of half tlie 
initial wlume, being IS-TS per cent. A test of tbo fuitli- 
fulncM of this method of a»eraxing, ix isuppiicd by th« 
curcBmftaiioe thai, for a final Toiuma of 1-795, which mas 
di* wnngt f» tb» oat«tde «vlindim, tlM auta patb «Imiwb 
• JMnxatllg* of 9'8, which is a near approximation to tlie 
Mlul KTViago percentage by the table, namely, 10 C. 

If the saniii c iiir<c !>c adopted for tli" iri^i ie cylinders, 
tiloagh tlie data in this ease are more reetrictod, w« £nd 
tilt followiag BiMB npiiuiaot tad i 





r«tr<pri1asea. 
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TTor-' ill" pprcpnt.i:;-' litLMii:. s lulliii ;:. cr tlin initial i»nd 
Unal njuivalt'iitii become (.'ju^il, wl,, n u-.c imiial colume is 
dsoUed, and for each half tuIuiiic i.vint, tlnrc reanltt 3 per 
cant, of diffaraioa ia oicaia. Ituw Ui« diffcreaca ia maoAj 
oommal b e;rUii<l«n whiA art well pni<l«el«d. 

In general, it ;^ to h-: (-Diiclinip.i that, first, ilu- 
cylittdor is thoroughly iniinert>«d in the hot- bath of the 
8nioke-box, the teinperatnre of irbich ia cominantjr Bioeh 
Lighar than that of dia attain, tli« quantity of watar exiglin^ 
as steam during Mipanakn is Tirtually cvnstant. Secondly, 
ftiiiMi till- cs liniiiT i.H )i!n Tii iionrly or f iitiri lv li.'vi>nd the 
iufluenc« of the heat of the smoket-box. or protected only in 
the naaal nuamar \f Utiag and plating, the quantity of 
matir aa ataam variaa iwj aoasidanb^ dniiag tipaaaiou ; 
it raflTm a rapid and transleat dininttwn dnriBg the first 

111' I \jia!i»i: n, ami rrivi iiints to an exreps over the 
initial quantity, whicli incraa»N nuiiornily as expansion is 
pmnolad, til^ far a final irdlnme of three times the initial, 
the exceia reaches 55 per caal. of tha might of ataam cat 
off at the point of luppresaion. 

Tljroiii,-li iui tlii^* (liiniasKin wo have been cart ful to ii imr 
the ma^itude of the expanded volume always in terms of 
tha iaitial volame; for, with the lioli-niotioD, the initial 
Tolnme TariM for e<terj degree of aipanBion, its absolute 
magaitode being redooed aa tha ratio of aspmaioo riwe, a« 
ahoarn ia tliacoliuaa of adodiBioaa attadad to Ihtfenfaiqg 



statement for oolwdo (lylindofa. TJiese suliiii»»<ont vc* 
found byoMasoftkodataonttainadin the table Ifo. XX, 
of liak-motion, ia tho fonowing maaaer. To find tita intiii 
of the total initial and final rolumes due to a adaai- 
■-Miti, for - NUDi]'!.'. r.f 73'5 per cent., — as we have found tha; 
for a mch stroke, 1-1 ineh of eleanuiee, or 5 .5 per 
of th« atfok« waa faf dtad, tho total iaitial andl fiaal voIdbm 
tti (73-3 + 5*«) and (91 + «'5), or 79 and 96'5 jM>r cent., 
of which the ratio is I ta In th» same «ay. iht 

r;il io< for till.- other admissions are found, ■'> ■'> p'^r rtnt-beb!; 
in all eaaea added far elearanca; and tliua wo obtaia tW 
qnaatitte ia tho aaonad oohnna of tha ftllowinf taUo— 

TABLE No. XXXL-Or TOE IKDlCaTEO IlliTERENCK» OF WATSX 

SQVivAUQRa aaownto nmui conpbnsaticiim of antjt 
TCRTaMoiw nnKNiB or AiNiuaiiKr,oi outbidb cnncDm. 



i>;i«BariM« I aclMMVrfHHi 



73 5 oirtlt. I 

UU ,. 

M „ 

M „ 

^0 „ 
li 



1 V} 

207 

2 45 

ail 



. 12 o 

- 5 2 

00 

»4 
1»» 
34 1 
iil 1 



A rrangiag theoe final volumes in a curve, of which the base- 
lino rapnaentji tht! admi»siona ia porrenlages of theafralie, 
«0 obtain bv himple interpola^on tho percentages of i 
sion Sw to tli<' j'lii.'il \oIiiiiir-. iitainod in tba 
already made for outitide cylimiirs. 

TboHdoolamn of the accomp.inyin!; table is filled up br 
dinxt laaaaaraaiiint bmn tho diagnm, F^. 183. ham vhidr 
wa find that vhile the indieated diteieaeeo of wat«^-oqaita• 
Icnts for an admiaKion of oO per cent, or half stroke, " 
nothing at all, it risea rapidly for shorter admission*, 
amounting to ahofa dD par cent, of aieaai, br aa advMba 
of IS par eent. 

The foregoinjf rcsulta are directly cootnuy to what mfglit 

liai-.- a:-.-i.':]i:itc.l. a^, :it first si;:ht, '.li'jy r.ppoar to 

show tiiai tlie iw» jirotected the cylinders, the more work i» 
done with a given initial qaaatity of ataoBt. Ia tho iaiMf 
cjiindor 80 far from aaj affanat ofaporation, or aeoeosiiw 
to tlie total wri^t of the iteam, during expansion, tli« 

<juai1li'\ 1^ at li :i-f not lunrr' tliaii coriitart, aioi i,- in fact 

slightly reduced during expansion. The out*idc cylinders, 
on the contrary, slunr, by tlie great OMOia of steam at the 
end of expaaaioB, wy a^ifioaat aaiouata of footitieai 
evaporation. In this Mse, aa In that of tli« slew dkgiams, 

O.v ili:r.T-i ii- o irfi i r'ilio: to a primary oon i' ^i-.nion of tlie 
steam, during admisiiion, by which water is formed, aii<l 
the heat of tho cyliodor ia laised. After aof^ression, ami 
when the steam's tampontan iaik by expau»ion hdoir the 
newly acquired tempetatnre of (ho cylinder, the hot Mttr 
l]ii«l,<.'« ml'; -■■p.-sim in virtus- of In o-.mi ln at ;iiol that of ll" 
cylinder, according to the law ot the maximum density ai»l 
presaiuro for tho temperatnre ; and wh.-it appears at first 
sight to have been positively one adrantag* of an exposed 
cylinder, in the aoxiliarj- evaporation daring tho later Btsges 
of aspaaaioB, ia aothlng mon tbaa a pa^ 



Digitized by Google 



I'U I'SIOLOGY OF LOCOilOTIVLS. 



«f tilt pfMipiUUd Hmmb, and » wmpmniw for krt initial 
•fltion. TIm ftnator tlw pnoportioi «f npmitm, tha 

•jrcitfl- till' firKiI r-x;>~!!^ of otpani, tli^j psfrcme toiiiTH-r- 
atures becuttit) UKira widely diff«r«iit, ; and, uiuEeuver, iur 
■ dt^es of ezpAnsion, smaller aluolutc volomaa of 
1 an admittad, for vhiioh tlMca ia alwajs the aaraa aool- 
iag iDparfirfta «f erliadar; and tibk ia lahtiTaly graater, of 
CourM', (lie pcriui! r.f ailnii-^!,ni ;s reiluced. lu the initlLiscil 
inside cyliuditi, ou Umutliur Ikdjjd, Lijkllied in hot air or £ok«,>- 
cindera, U8u«llj as hot or hotter tlian the ateam that ]paate« 
thiaagh them, tha initial in eai uiu af the rtaam aa it antafa 
the oylbiler ia iBHntaSBail hi all Ha nrtegrttj ; aa una br 

the greatest i'^|i."iiHiN!i9, tyifin a|ipi-ar iiLi M iiijitom^ of a rf- 
Earrection of ttesm. Tbo evidvuce go«9 rather to show that 
the itemi ia alightly anreharged daring to paaw^ga tkMBf^ 
tha ataaaa-pigpaa paMiaoB toadmiariaa. 

An alagant eaulimatiaa ef dia«» aauiintfana oa At een- 
deneation of »team I'V inipi-i-ff-et jirniri-iioii .ti rivrvlfli! cvi n 
from inside cylindvoi tLcuisiilveii. ll m kauuu by uListirv^- 
tion tliat whalerer be the temperature in the «nioke-box 
during tha action of tha blaat, it foUa fnij lapidlj to ahoat 
100* when tha ateamiaabnt oft Onataitiuf foam natnAm, 
llicriTorr. ihr ,'iliii<i.-^j)hi-n' vt ihv sinulv.j-li.K rtqaires ro-heat- 
inj;, wLii^h iuv jIvt H a little time to acMinpiish. During; this 
interTal, tin' <-s1i{ider ia BOiMar than the «team, and is be- 
ooming grailuailjr hottari— 4t pweaaa which ia plainly tiae^ 
abia on s aoeeeaiian of dia^raoia taken at abait iatarrali 
after «tart!n<;. Tim-, ou ilio iiL.-a«i'.n of the oxproes trip 
(rom Edinbarnh to (il wgrnv witii ilie Nile, E. and (t. R., 
l afcrrt d t« in (In- °2.'sih table, we ttarted from Linlith^w 
atalioBand paeaad tbamila-poata at tha intemla and apeada 
npmaad ia tttflrilMrfag talih,iB tha hwt aalmm of whiah 
ar<' I utauiad iha aMOtativ* diftnaoM af tha nitar a^ni- 
valents. 
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Frui!i tliif it WDiiTd appear th»1 (lif (niin ImJ rim cue 

mile LiiiluK tliti diUerence, previotuily p<Mi(ivi3, had Uxh 
reduced to nothing; and that when it rmched the i\»t 

■ila-poat, aikar » raa «{ 6^ miiaiS dnriqg as interral of lU 
nrfnnua, tha niqratha diffinrmcaa attabnd fhtir i 

tiv .1 jiMfi'ss <!in> in til!' -rrx'Iuul rise of 
the jinioku-lxiiL, abuut tliii cvluiJer*, 

From these invf stin^atioD*, it would appear that the loM 
eaodeaaation in the outside cylindar, ia not tmnt t M , hot 
wiaa with the proportion of expanakMi dlmtfy. Wa torn 
already seen that the grfntfr tin' r,n;n .if i-xpiiii'^iori. <lio lc«5 
( the volume of iteam admitted. Therefore, generally, the 

1 that in »Tii7 Ugh ntia. 



aa tha parted of admiaaian ia i 
ha** aan, to a baa aqiaal to 00 par awl. af tha i 

steam admitted. f«r .tn f'xp.nnslon into three times the initial 
volume, whicii hy the ualuro gf the linic motinn \n doe to 
an admission of about 12 or 15 per eent. of thv struko. Thta 
loaa, great aa it appaaia to ba^ ia after all only the obfiaoa 
kaa diaeoearaUaoa thadbgnn, whuh ia awtafailylaaa dian 
till- art nil fir we friniiol aHsntin! tliat Uw fiii.il i'<|ni- 
vak^it., own fur luug ux|huuiiuQs, I'Oprcscut^ lliu iulai quiuititv 
of steam that enters the cylinder. ' There must necessarily 
be aa axtn eoutaiit panentaga of loaa by condenaatiaa, 
whieh naear n p penrt on <ha diagmn, and ia diaalpatad 

tfiniii^^h the aides of thr i-vlfiulpr, sctliiit; out, n-i \v.> Jo, 
with the proposition, nuw i'aul>UUied, llt&i Uia uuuidu or 
imperfectly protected cylinder is a partial condenser. The 
beat 80 d i aa ^t ad laavaa in the i^liiidar a aoutaat quantity 
of naaea water, vUefa ia azhanatad with tha aliaat, tad 
ukIv rnnke« itself felt aa tha diagram hgr aa «B^{garttiai af 
til.' back pressare. 

Though it has been found, therefore, that an expansion 
into a Toluaa of I'fiS, in tha ontaida eytmdar, indieatea e^nal 
ial&l and Ibal ei|aWidettta, it by a« maaa praraa tha 
absence nf run Irasatliui, any more than an expanii' ii 'if 1 vl, 
indicating it iiitiU redaction of — I '25 per cent, p.'uvcji a 
case of initial surcharge, sarh as was fairly inferred for 
hiaida eylindeia. Tha equality of tha aqairalenta in the 
Itiat caaa atmplj ehowi that tlia eondenaa^ eoatfima vntil 
the expai'.-Ion i-t pixrliailv ai-.-nrfir.!i>lip}, atul in fuccc.ted by 
re-eyapora.lii>u duriiig the remainder of that period. For 
the shorter expansion of 1'5, and of course for still smaller 
aipanaiona^ tha amoant of n-avapontion being inaofiiaient 
ta leataia tha equality, an infaiior final equivalent ia tha 
result. And ;i!t!i.iii.;li. In caii«!>, the condensation, less 
obvious on tiit expansion-curre, ie not the lesa a reality, 
it is probable that 4ha parmanaat condensation is less in 
amonnt than for graatar aspaariaaa^ aad aba that for higlier 
mean preae urea , then ia a amaHor pa(«cntaf>a of leaa than 
for lower prcN«iiro:i, a" wr IvHuk- tdal ;.>'r:'.iMf t-iiiprru- 
ture of eteam, and the «i:i!-r»|?(i!i Img Isalnilily to t xttrual 
radJatiaa af hmt, increases much more slowly than the 
praainn and denaity. Seeing then that tha indieaiad ex- 
panaion-eurra leaeea ua in a etata af imeertahrty aa to tha 

total loss by <'cjr.iU'n-iatinii. we kn uv ilia! ivlmt we 

dodieoern by an examination of the carve, is certainly much 
loaa than tha aetaal toia, eapaeially iar admiBHone above 40 
per centq wa MB at pnaaat enly >^gard tha ardimuy l«aa 
by condenaation ia oataide eyinidere, woritiof with SS per 

'"i nt. of ailnif'^^i":! — a r'.-.niriioti prartiiM' nr ordinary llin-i, — . 

as, at ka»i (i) i X 4 7), >•'■ \ y \"-T cent, of thtMii^iblogtetim 
that exists during admission. It is certainly more ; and tha 
real aioiaa ia a awttar Inr fittnre eonsideration. To cause 
initial eondenaation it ia not eren neeessarr to permit of any 

extmial ■!i--ipr.tion of li''at ; fi>r lunvrvcr wi 11 a rvlirj'it r ii.av 
be prttte^leii, it muit operate m an oquatizor of beat, by in 
the first place condensing a part of the steam aa it entera, 
caoaiag a certain irrecovenble tosa, and eeeoodly, reetoring 
tha heat only when the pressure has fallen. Tt is, therefore, 
necessary for thi' pcrfn-t apjiliratiun .if -ti ;un in the cylinder, 
to maintain the tco-perature of the latter at least eqoai to 
tha iaitaal teupantaf* af tha ataaia, by i 
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applwd wilifNt tbe (iflimlw, in place of rninoiuljr dnwtng 
■poB tlw aoutitMat bNt nf tho itaui aAiiii. 

AuoUirr quMlion sug^U iU«ir u to the loea of premire 
in the outside cjlinJer during •dniininn, that occum by con- 
deneation. Wo Jo not at prtsr-nt rel'i-r t<i tin' I'llal Iuhi n{ 
•fliwt, M this point Will more properly be oon»ider«»i iti 
tiMtlog <if tke relation of the ateam ■wuShlj used to the 
tnltr toBmmi fracn tke trader. SoppoM we find 60 Iba. 
•team In the ejrlhKfer durlnt an adnMUOO of 90 per eeat. ; 

tlifn, .1* .1 qu.iiitily ('i]>i.'il to llO per coiit. of this .■ticaiii liM 
ent«re<l the rvliudcr wich it aiiti liiui heeu coiideuseil, we 
might deduct SO per cent, or ooe-fiflh of its relative Tolume 
tolbd tbM <l Uw atim wr^g^l/ ii^iodiuMi, if Ibe loM be 
npraMDted hy M vt pnvam. The nhttv* folime of 
Cn >ti-atii h nsl ; n lid I (381) = 305, i« tlic r?htivo 
volume of bl ibs. etvaui, and lliie wuuld be the original prei- 
sure of the ateam flowing into the cylinder, 21 Ibe. of it 
being loot hj eondMisatbn. Thu* we find tbai fiur SO per 
cent, of fmittmiim, SS pur eent. of pmnra mM be 
Kutit; ; a:iiJ iij iriMicral the p«rcctilii::i' i>f I'l-t iuiiia! pressure 
would be greater ihan that of condensation, ibis view of ' 
the qoeetioii, bowerrr. ia only pwtiii^j ewrtet, as it is ob- 
viooi thut Biieh eondemtfioD gt to, etpeeiaHjat kw 1 
■peede, witboBt tnyntterfel Ml of the pienDre. At fhe I 

hyiiT ?|i-'oJ<, (ho fall 'jf pri's-'iHT ■luf' ti) I'liii.I.'ii'iatii.n trni^t 
become iiioi'« .s^u^iLile, as Uie diiHi'ulty of lulluwiii^ uji tli^ |^ 
loss inereas«s with the speed. I 
TheM nmlte aofBeieiiUj' expUin bow H happene that eX' i 
pNiiiee weiltiBfr, eepeeially in oatwde eyludere, ii n praetioe I 
carried out to BBcli a liriiitfii f jsent. We h:»vi» rar. 'v fDiind 
ou the Caledoniui Kailwdv, — a line stucki^l witiii uuUide < 
cylinder locomotiroe, — that a suppression materially above 30 I 
per cent, of the atroke ie mlaotaH^ adopted by tJio eiij^tiio- I 
ditwna. In tbeir ewn wonb, "they leee u aradi aa Ifcey jj 
get," if they eodcaTour to work with a fupprossion much 
less than SO per cent., and yet it is not eaiiy to conceive a 
liiiu hcttiT aiiaplcJ tltaii tlio (.'ali •i'linaii. c^tmpnseJ of lonj; 
and steep double gradients, for the practice of biglily expan- j 
, sive working. The balHMeef lata and gala, aheieedeaeKlbed, | 
ia ahamdantly eiplaiaad by the extra condens.ition which ! 
attends the earlier soppreMion, and is not at all referribie I 
to tli« Tcrv |>opular liulion that tlieii- is !"imvthing wiong in I 
the uaturv of the link-motion. We may refer to an example 
in point : in the ease of two locometieea on thia railway, 
Noa. it and SI, with tha aaaia inin, aa inek wattr waa 
ocoenraed from the lender of No. jSI, of which tlie dritw 
was of riiunf economical constinu-rs on tlio line, and 
which wait workcKl by rariahle expansi >n, witliln tiie limits 
almady stated — aa was withdrawn from tli« tv'iidcr of No. 25, 
aft engine woriwd moitly tjy the ngnlalor. MTheteaa, ae- 
eordiag to the ordlnaiy taMar data, the idative votane of 
steam beinL' appruxiroalely in the inverse ratio of tlii^ yrcs- 
sure ut which it is employed, steam of a higher pressure 
worked expansively shonld eontume a less quantity of water 
than wirediawn steam, in the diaofaaigiB of the aaoM duty. 
There ie no donbt that nneh of tlw eeenomy of fael efleeted 
with Nu. 61 waa due to the- juiiii-ions ;.vsti iii of firing prac- ' 
liscd hy the driver, and to lus uiiot-Asiug carti in preventing 
waste of steam h\ the aaSeiy valve, — matters to which little 
attention was paid with Mo. iS. Nolhia« ia more oponwn 



than a rush of water when the outside cylinder is tapped 
while tlie elMun i* mder considerable expamdaaj and wUk 
tha eseda engine No. liS, a of wbieb the ^linden are 
st;n mare expeeed than tbote of No. SI, the eyl'mders were 
■ luriiii; our (■\|'iTT!iM'^iits imviT fri>e of water even in the eourso 
01 )otig-cuutiiiu««i ruii:*; and, during 1 nmpornry stoppegee. 
large aoeuinulatioos of water were naually fofmed, whidh 
oottW never be aotireiy dieeipated, even Uueegb tha span 
eyiinder-eoelte. 

In tli<' i'iHi:i'';i!'atlim of strarn in iiiipi^rrrcilv prJtected 
cylinders, we Itave an explanation of the aieerlion repeat- 
edly made by experianeed nt> n, lU-.a a Aaad gab-rootion for 
working the talraa, may yield naults as economioal, with 
nferenoe to the eenanaiptifln of eobe, as any vaHaUe «>• 
pan*Ioti ;;rar. This is certainly not true of 0:r Ix ti'.r class 
of inside-eylinder engines, as our ezperienee ua lite Edin- 
burgh and Glasgow Railway abundantly testifies. Still, it 
may to a eooaideraUe extent hold trae with oauide cylin* 
den as nanally disposed of, nnrafBg on Ums of easy grad- 
ients. Mr. Peter Itober(»r>n, luco'iiotivi- -uperinti'mli m of 
the Olasgow and South- W in icru lUilway, aud a staoneh 
advocate of the ontside-cylinder system, has adopted a fixad 
gab-motion for (be eiiginee designed by him, — antlUfgoff at 
half stnAev— m doaK aware by experienee of the limits to 
ii-ifil citpansin- working in outtidi' '-vlindf-ra, tVioii_'h prob- 
uut cbiijiciouii of the rationale at tiio uMl.l«r. iudw^tl, eo 
much has he considered the protection of the cylinders to 
be a matter of indiffurenee^ tliat he has pissed them on the 
ontsldo of the 6ame, with tfano^rths of their wrsamlei^ 
enre bare cast-iron, finished with ornaminl.^t l>c.i'ls, »il1iout 
sheathing or covering, and directly expoaid to llii- aluuispliire. 

With respect to Mr. Samuel's mode, hitely patented, of 
working etsam expansively to a degree eontemplated at fevr 
t» ais tinas fhe initial eotome. by odiawlinf lirvB nne 
cylinder into the other, it is plain that the ucceasary con- 
ditions for the econumical employment of such an extent of 
Pltpan>^ion, dirinan-i a niiic!i li^'lt' r provisicu t'lr tlic preserva- 
tion of the steam titan is to be found in the ordinary arraoge- 
ments ot out«ide cyhnders. Aeeording to Mr. SsmniPa 
designs, the cyliudcrs are placed outside in the nssal 
manner, without any expedient for preserving the tempeiv 
ature of the ^t'-ain, ami it i.i ex^y to understand tliat special 
means must be adopted for this object, to eeciue aa eouM^ 
mical promotion ef oxpaBsive astian ta the extent pacnliariy 
arailaUe by bis sjaleni. 

RaeAmouYfoir.— 1. Wh« sltam ia admittsd to the 
cylinder, while the latter is comparatively cold, a veiy sen- 
sible coudettsation of the steam takes place during admis- 
»i<i!i, which continuoa to aeectain extent dtmng expansion. 
The beat thereby aepantsd ia abaorbod by tha material of 
the eyiindera, amd niam its teapsratnrt. A psrtien of 
this heat paaaos off, and is irrecoverably lost ; the remaii>der 
is retained, and is re-Bbsor1>ed by the precipitated steam 
during the expansion of the existing atsam, if it bo long 
enoi^ eentinued,— that ia^ lutil the tampeiatnre of the 
latter has fbUsn below that of the eyiinder. This is proved 

h\- ilia^mtn? taken at rorv 5I0W spc-s-.Is, on whlcii occa-'^ioiia 
tlie cyiiiiiitir Lis culii tuaugh tu cxlttliil tiiese oporaliuiu in 
high relief. 

8, Tha ca nss ^ns n te is, mder these cinwmtaasas, that 
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tlie w«i^ht of (team «xi«(iDg in tlio eyliadw at Un itutatit 
•f iiipprMtMia ii Um tbaa that wUah axtita at tka imtant 
tt Mlmm, wkm tha 4i)pcc of expanaion is ramiibmUa. 

cvrv# of expuMioB, H d«Mribad 00 tlw 

(liai-rrtin. innv l><> iii.tilt' nv.iiljtbia Ibr t«tiiig tha aaadition 
of liie iitcAtii ill tliv i.'^'l)ii4<>r. 

4. Wlica M rngia« i* engaged in the aetaal performance 
of iia ivAjt the inequali^ «( tha awgiita of «team here 
rafamd to, da«a got afipear to Iw iwflaenced by »p«eJ. 

.1. Til tilt' I'liiirfii <if finliiiii: V iliKv, tli't final pr*s*Urc«, or 
tlMv i-xitiiiig at tim [>uiut vi r«leaM, do not, in inside 
evIiii'liT^ rmUFriallj difTvr from tha praMVea deducible by 
the law of Jioylo fram the initial pwee a wa, «r thoia at the 
iwhrt of Mip|wearioa. Hut ia, the hitiat and Anal total 
[III >.-iiiri-t i.f I be steam during (l^c |i<-ri'il nf cxiiaiificri. .irr 
appriiiiiiitateiy in llio inverse ruii» tike Uilal inkial and 
final TotuiDca of the tteani expanded, thoo^h in general the 
iaal pmniraa am aliig^tljr inferior to the prewarea by Boyie. 
In ontiida eyinidma, the pmamta Vjr Beyla taonld bll 
below thi> oti^'iTVivI iirr^iiiri-i Mtnii tlio asjMndad valnme 

exceeds OOr Mid ii Uuif liincvi: itiG iuilial, 

6. In the inaide cylinder, the weii^bt of steam, in other 
nonla, ita watcr-eqaivalcBt, m nrtaally conetant dnriog 
•xpaaa'm. In the intaida ejimdar. It bUe dwinx tiio fint 
MagM of expansion ; as expansion proceeds, it rentounls to 
the initial value when the volume reacli«« abotro ono and 
n I1.1I:' tiroes the inaial vcjiutne; beyond this point thr 
equivaU-ut esceeda the initia], aod the eieaia iaeraaMauni* 
fiwmlj at the nta ol 18-75 |ier ernt. ef tha initial far eaeb 
half rolaaie of espuiaiaii, till for a final volaote of three 
times, it amonnls to 55 per cent, of the aclaal weight ol 
steam »u]'j>r(— "il. 

7. Tiio etce«««a of final equivalents shown by onttidr 
e^Unders are due, aa in the ease of tJie slow diafttanMi to 
aea d e n iatien of ataam diving adniissiou : the beat ee dJaen- 
gigad being rteenrcd and employed during the later stage* of 

expansion, in [i.irlially resuscit.itii):; tluf in.|iiIi-ii'<-<1 btcaiii. 
Tbo*, tlir L'X'-c5ii It, in utiier wonls, liia quantity of steaiit 
reJuceil to «ater during admission. 

& The indicated initial feadansatieD waeitain^ not all 
that nally uke« ptnee, for the tcanwitatiea of tho (team, 
from ivlik'li tiio cijii Jcr..-ati((ii is i^tlniad 1!. in cuiirf^siillv 
only partial. The actual c^ndiiMatioi), ttien, is plainly, in 
all cases, giealar than tbat indicated. 

9. To prevant cntiialj the eondenaatioa ef ateam teoriied 
espaaaively, the cylindw nrait net enlj ha efanpl.T pralMted 
ti_v .-1 luiti-coiiiluctor; it must b« tnoiBrdiH/vMrv inil.-|<i n<lnnl 
vxurii^al iiieoj;.') al the initial tcDijicrature of the steam. 

10. The perceatagt of loss of the atMMB power during 
adwieiion, ia ahr^a at least a* grtnt aa the pcneatage 
a( cemhoMlkti: It la generally greater, {nanraeh aa if 
thore be any po-'iilvc fall of prr «sjre due to rondenaalion, 
which getiii^tiy takes place to aomo extent, tike fall of 

pressure is, aa wa h»** ftwd, gnatar tims tha nlaUve 

condrnsatios. 

11. Th* impaitaat laaaat Ij eendmaatlen hi ontaide 

(jltndera, which accompany great *xpan»ii)nH, anniiiu f.,r 
the inability to work Uieae cngijiea expansively and eeonu 
i>i:>ally, with aduiiBiiin matariaUjr kaa than 90 per aent. 
of tbo Btivkok 



ciLvmrn V. 

Of thb Buuviouii or Stbau ix thb CTL,tyDKK. dcsiso 
S»u«wr. 

It ri'lnrMnt I" cmuiuii'' ihr (■in'iiiiisl;iii''ci wliii-h P','ulat-' tli" 
exhaust of steam from the point of ralease in the steani stroke 
to the end of th* fatnn etivke. The resisunce ef eaapna- 
aion ia. of eawaa, anparadded ta that of exhaniti tamrda 
the teraiiaation of the return of tho piiion: it wITI, however, 
li't considered separately, anil in aM ra.-ini: tlio amuunt of 
biU'k protsure due simply to the exhaust, the hmsk pressure 
existing at the point of compression will be extended t« tlie 
end of tJw atraka. For axwnplai in the diagram Fig. 93, 
the baelt preaeare in tha retain etrolw during the period 
of cvliaiiit. i" '2 HiM. up to the of fiiiii|in's.<iiin. The 

I uftm uf r«&ii>MUici.!, called compreiuiiitu, has th^rcture a con- 
stant fraction of 2 lb«. introduced aa an initial pressure, 
chargeable directly to tho ioiperfeeUon of tho exhaaat, and 
repreianted hy a prolongation of (ha S Iba. emlianat line (a 
the <>tiil i f rflunj stroke. 

In 1.0 {tail uf the engine is the advantage of time for ths 
perfonnanee of the evolutions of steam more apparent than 
in the qrlinder duriag the period of exhaust, tteearring to 
Fig. M,.in whieh tha dtegcanM in liea^ and Hgiidlniqg 

were described at speeds of 2} aud 20 miles per hoOT, it ia 
proved that the ateam does not dlscliafTe it«e1f {nslail- 
taiieously at the point of release, as tlit' gii^uiii ha^ in ti ith 
eaaea viaibly to go aome dktauee before the pressure fails to 
» Khumtui. In tha Itnt caai^ Aa nwvement of the pi!>tga 
from the release line to tlio point at which the vxluMUt 
pressure becomes nothing, amounts to .*!} inches, whldl M 
till" I'lraUtv ii iH|uivalent to an angular motion of tin? crank 

I through about 23°; at the given speed, the crank iiiakt<« 
one revolutbn or 360° in 0 seconds, and it therefore describes 
S3' in about S-lOthe of a eeoood, wbieh ia tha time oeenpiad 
by the ttMtm m ftilly dt«ehai;ging itaelf. fn tlw aeeend 
i \3m|ilf, llio Btcani oi.lv ri\i ■Io .h a iniiiirnuni of 2 :1js. pres- 

• «ur« when the piston has attainod the etiil of tlia stroke 
ihrDugli 6 inches of exhaust, or when the crank bos doseribed 
an nngl* of 63* in one-ninth of a second. The timea, tboiq^ 
•mall, are of murse perfectly appreciable, and tha eompai»> 

' t'u'lv full rvliaust liiif r\liibiti'-l at 'J u lii„'!ii'r .ijuril with 
the 2 lbs. of back pressure entailed in consequence, is a good 
e1emanlM7 P"' ^ ^ beoait «f time br aaewiiignparreet 
vxhaait. 

ty tie Gmural ham «f J ftto a itf ow.— In the eeniie of enr 

I remarks on the motion of st-iam (chapter I.) it appeared 
' that the velocity of steam flowing ox escaping ijitu tUtt atmos. 
phere waa, to a oonsideraUa asHat, dependent upon ita 
pressure, bah^ lata aa tha pmtni* ftUa. Thoa tha die* 
engagement of exiianit ateam, astnmelj rapid at Ihiat, be- 
comes morn gi-ailii.il aa tliO cxlilill'tiirll <;olllIniii-s, .ind the 
differences uf prt>»utt! fur equal inUrvaU »l tiaii-, beeome 
regularly leas. It is plain, also, that the final prrssure of 

«lhie exhaoetii^t etsaaa at the and of a ^ren interval of time, 
ahoiiU be very mneh hi th* tatl* af tha pemnn vf tii* 
fXiMn at thr inbuilt of release, because a greater dmaitj 
ai oi>m(pani€s a gr<Mter pn-ssure, and the work to be done ie 
l| proportionally increased. 

1^ The qiMMtioB for the eolvtleo of which we are really 
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interested in spplrine the laws of lli* trto iiiotiuii uf ttvain, 
il to find whether, withEn tiM highest speeds of piiton wliicL 
ladtk in pneUca, dry ttum wold daK itnif m% of the 
eyiindir-with ttHnity raffiefent, wm thm no olNtnetion 
from betid* or frictiou. in n iiili r tin.- li.ick [•roMurc practically 
Doll. The maximum meau a^tekii ot pistcin in any rase may 
btltatodst 1000 feet per niinnte, and the minimum ratin 
of the steiional auM of Uu Uiat MifiM, to the am of the 
pifton, at At tho blue mMm Ii, or ought to be, tlie 

i:.irn,'W-st j'iirt uf tli-? r:iss-i_'" frcrm lim cylinder, the maxi- 
mum sptijil uf tlie stiaui ihnmyh tlio passage required to fly 
before the pi«tou without back rc»i«tanoe, i« 20,000 feet per 
miaatoi, $t«Ma of 1 lb., «• Sad fnm tho tablo «f Vohwitico 
«t Bfltcc, Horn frMly i«to th« atmoophoM «t a opeod of 

4S2 r... t p.--r !><'i-.:in'I, <tr afimi'. "0.000 T rt p.-r iiiiriiit,>. Thin 
1 ib. «tr.'ini would I'reeiy ttiuve (>ii<'-li;ilf I'.i.-uir tluui cuuld in 
praeties evor be rn|uired; and «t(':iiu o( higher pressure 
Hoald mo** with otiU gnator seUritj. Bat «« find in 
pnatioa, that at ipooda vwy nneh fofcrior. and with UHt 
orifices very mnch wiilrr. itniiMrl-int kii lf |ir-'siiir.^ ilt> occur, 
evculy sustained thriiii.'lii ut the uiiu!y of llae rtlurn stroke. 
We may thorefon' justly infer that all back pressure of 
cxhaut ia dm to tbt ciNvinitantial hiodnuioe of mixad 
wator, ■taetuNfl, ONoka, and aopoiioiil frietion. 

The eflScii.'Ucy of time for the absolute reduction of exhaun 
prepare, decreases, we have said, for each saccessire iutor- 
ral, and thus it is tliat the course of the exhaust line, at 
•low opeoda, boconiM moM noarlj pantlal to that of the 
horiioBtal loM, aa ftappnMhaa thoond of thoatcam itnkou 
If the tpoed of the piston bo increased, the exhaustion of 
the steam is thrown forward upon the end of the stroke, tlie 
«xli:iuit liu ' il - ril ls .iliii :-t v.'rtically vrliere the motion of 
the piKtou is t>etw<!«u somelliiins; and notbiag; aild at ibe 
h^est speeds of the en;;lne, precipitaio thDOj^ tht dnoMt 

be, tfaa &n of the eihaoat line to ita patmanairt level 
rone is aome <aeee Into the relnm Hroh*. 

But, even whilo tlif f|i..Lxt <i\ :hf |ii-ti'ri iii;iv remain 
unchanged, the time for exhaust luay bo olft'Cted singly by 
the position 01 the point of relea«e: the later the lekaae, the 
aboner i* the time devoted to it at tha laae ipaadt aad the 
mofo eompletely is the exhanet Boo thrown ferward on the 
end of the itroke, in a manner similar to that ttIk !i i > ~\th% 
fmoi iDcrMMil apeed aiugly. Thu retardation of the ex- 
haiHl CSparieMld in theae ways, is the direct cause of the 
bock prcesnn of dhigiana. Daring the stMai-«troke, while 
yet the piston iBorea befbra the etcom, the lehaee, or at least 
the f;kll of the steam line, iu ;v««i<;i.ii by the recession of the 
piston, which enlarges the volani« of the cyliader, and cases 
off the pressure till the end of the Rtroko, At thits p<int, 
however, the jueton ledpracatia: it tnma npoit the exbawt 
'ateam, and dirt eta It hefete It tato die at1naapher^ eheold 

tlif rociKiFii'ii'j f^s^tirity (if tlif ati-,iiii ]Oivr iiifufKcirnt for 
iho jiiii'|i<i';», UiiUv-r tliuH) €in;uiudluiice!>, il ia apparent 
tli.tt, tu secure a perfect exhaust line, or aecordinj; to | 
M'Naogbi'a idea, a '^pnre" eshaoat, the ateam aivat be 
eonehiBTel^ deand ont by the eemnenesmMit of the rstnn 
rtroVo. Tli.i rr»i«.farirc r.n itif jiNioi: .In- in the business 
of paiijpiujj out tlio hd' k sti aiii, .-ln.uld vary as the square 
of the speed of the fn^iiu', or of the piston, according to 
the reoeircd law of fluid niotioa, whieh exprteeet that the 



fricliotiml resnstance of a passage to the motion of steam, is 
as the square of the velocity ihroufih the passage. Agaio. 
the frictional reeietattee to the moUon of 
throagh pa««a^ varise wHh the deneity or 
ply; as, in general, ai, I in tl;" case of steam in purtl uhtr, 
those vary very much m the same ratio. It is accordingly ^ 
found in practice that an increase of pressure bas much kao 
inflnenoe in niiing the baak p w ain r e than n einiilar iaanaae 
of s|ietd 

The b«c!k pr^'^-iiM' maybe considered either in relation to 
the me^n poB>t.i(e pressure throughout the steam stroke^ or 
to the !>prcial pressure of the steam at the point of sappw a 
aien or that of leleeee. Theie three elementa have no 
detiht ft doM dejMBdeiiee en «ach other, and • fafiHeoee of 
til" Ki;'k ]/ri iii i-itlii r our- of I liew should yield toler- 
ably coniirMcni re«uit«. At higU speeds, it is trae, wire- 
drawing of the Steam daring adiuitsioQ occasionally exists, 
the ooaesqneiMe of whieh ia to Biaggento the mean pnamre 
dee to the aetoal ^nantity vt ateam admitted ; and b e«t> 
side cylinders, on the other hand, the quantities of steam 
adniittv<l are on account of eondensatioi), inadequately 
reprceented by the mean pressures. To establish a ratio of 
back preeeaie, thetefora, it it preferable to seleoi for Mwperi- 
eon the final preeen r ie a» the wieaee pehrta, whieh are ptefcr- 
able even to the pressures at the eappreeiien, aa those alono 
aflord a true measure of the discharge to be aecontplishrd. 
The back rv-i>i:i'ii>' of exhaust fi'llim^ in ihniiy in-;n:)i'is 
a aomewhal fluctuating line ; the mean exhauM aiiaiJ Uiero- 
fbte In all eaasa he adopted for oar puipoee, exclusive of the 
triangolar epaee above the bvd of the eathaaat linet already 
dedicated to eompreasion. 

Grst,a prelimiikitry mrtMof UuubieobMTtikUous itt»iiewillj ivw 
and high pressures consecutively, on No. 73, C. K., already 
aUnded to, ahowa that biek pnerare vaHae viHnaUy with 
the esneible of the ittom admitted. Tn this eaw, 

sill' .'■t> iiin i? ■ ut I iT !it 12f out t'f 1^ jiilies of stroke, and 
as the exhaust lines on the diagrams were partieakriy iude* 
finite, Aa pnamiaa at tho pnfait of anppnaddtt «• tahnbtod. 

•max Mo. XXI«-0. *. Ms. Tt^BACK raXBTOXX. 
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These ratios intimate that the proportion of the back pret- 

•UN of ezbaaat altght\y rieee with the ateam preeaidNa at 
the elewer apetde, and heranMe oonstoTit at the higher 

«[;- L,i-, Kxaniplcs seli •'.■•1 rn rii tli- [ i rr.rmance of other 
cyiuiders prove the same law of the back preeiun. Thus, 
the fuUoving covplea wem deiefibed eonaeeutlvefy, while the 
eircumttanem wen the aama. 
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are sufDcicnt to pnn that th» kack 
pramira ftllom gvnorally the simple rttto of the sensible 

Btf:ir!i prf >-fu:f' ; c-.'irli ri'U|ilot of <;li'<t'rv,it iiii-i w:i-< riimlf 

at the same time, and tiiereforo uudcr circiuiistanccs \ir- 
tually identical. 

Th*iani*eei)dit1«B of itoldy ofcireanutaijeM being Mrrie<l 

• lilt, rii ili'cv ns t > iMnririii llii- |irf?iiirM (l 1 r.v of tlio Tariatjon 
ftl the back pre^^ura iu the ratio of the squara of the ^oed. 
During an pxpre^s trip njUi tlie Nile, ■llmied te fat t)i« 
fan!goiDj dmpter, dilgnni mt taken at every mile-post, 
in ttortin^ from stAfiena and at fiilT spe«d, .ind the speeds 
«cri- not ■J. 1'' .r'.y (if lliiv-o *ii.i-ni:ii*, uf whicli examples 
liavci aiKitiiy been givru in the tiiird chapter, have been 
•elected and arranged aoeordli'ng; to the epetde ; and in ataee 
when the iptade did not diQVr ahovo 2 miles per hour, or 
3 milcfl St the hijjher speeds, upon several di.i:;raui», thene 
have been cln^scil toL:i-lli(T at tli:i iii.-.iii .'-'t, and tli« 
means of the sluuii and back pre-ssurea of exhauai adopted 
for comparison. The steam preMnraa tl iIm pe&tt «f 
pneeieo lim beeu in the fint place selected, a« they were 
liettar deOned on the diagrama. The speeds, preiisurua, aud 
b . k |>r>'>:Mires, so classified bm tilO tttt tluM eoliiDma of 
thy luiluwing tablo : — 

TABLE No. XXX! -OF THE BACK PKKSKfKES OF EXHAUST. IN 
IIELATION TO SPEED. IN TUB MUi. C « U. R. 
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Tin fourth colonm eont^ tbo valuea of the lack |>r< a- 
siires in tho third column, reduced for r., .inn u st. 
pre»stim of 40 the. The ri-dnction lias bvia ijunj« on Hi. 
I rii,.-i;.|i-, 11 ,« i-^ti'lil Vbcd, that the oxhaasl pre-isure varies 
Uireetly aa the steam pmaare; thiu, for a speed of M miiee 
per hoar, and S2 11m. obaetved preionn, the back pmemn Is 
9 iba.; and reducing this in tiio ratio of !.i in. \we 
ItXflssJlbe., ae the back pretMure uf cihaiuit due to 

«0 lha. ateMa praanM. Tha iwlaatiOD of tha oba«f«ad 



exhaaste for a eommon pressure is necesaary, tlmt we ma/ 
tlM diituMt hiSiienee of apeed, and W Ihs. haa 
aa it liaa withta tha ni^ of the obaimd 

preuureo 

To represent tli* exhaust pressures graphically, let a b. 
Fig. 134, bu aasunieJ aa a bane line ou which the speeds are 
to be laid down ; prooeetBlig tttm left to rif;ht, set olT divi- 
■ionaateiual mtorvala, tanpnoMtapaada of 14^ SO, 80, fte. 




iniloa per hour, meanuod iimm tlio extreme left^ and snb* 

divide ilii'^" liiviMMii^ I::io intftrvaln of 1 iirlo [kt hour, a 
process which is omitted in the li<:ur(i, for simplicity. 
From the point in the base-lioe representing eaeb speed in 
the foregoiuj; table, draw a vntioal oidinato, moasaring bj 
its lengtli, aocordin;; to any eonvenient eeale, the tabalated 
b;iijk jifi -Miti- fi:r 40 Ibs. of suppression, due to the speed. 
Having raised these verticaU, aud defined their extramitiea 
by ataiB, tbo onrve ac^ traced and takiag • moan path 
through the constellation so formed, will represent bj ita or- 
dinatee the average back pressure doe to any speed meaaared 
on the base l;iif', f ir ■'<■!> U -i. r-imin suppressed. When there 
is no epeed, there can be uo back praseuraj the apes of the 
cnrra n theialbira atartod trtm the point A, which indicates 
no pressure i and the curve aasonee a panbolio tarn, 
evolving the impvrtaut principle that the back preamre of 
exhansl varies as tiio .■■.|ii.irt of the m m !. The pressures 
lie Very eW«ly a^i ui the curve, aud this gives us additioiuil 
confideiii iu it* viiity. The oKttatao ordinate bc measures, 
by the acale, 0 Iba. of badt pinaiQii at SO nika per hour. 
At S5 milea, or eno half ipeod, the back preaeure falle to 
one fourth, or 2 25 Ibs. 

Dut this curve has htva coiiisuucltii fur pritssuro at the 
|Kiint of suppression. To convert (his into tlie pressure at 
the Mleaio,«e find Croia the dietnbatioB, that the ratio of tlie 
initial to the ind roltnne iBefodinj* dearaoee, is -77 t« 1, 

and by the rx|i.ui-iuii t:iiili', No. i'S, tlii' liiial [irfsumja 
amount to but bii per cent, of those due by Boyle's law. 
Wo baTOt therefore, '77>t>Vlr^*66 far the actual ratio of 
the initial and final ptOMuna. Tha, fiO X -66 » 26-i Iba. 
is the pressure at the releaae fetr the ear«« of back ^neenre 
ttl>i,vo f iuhil. It i> iKsinil.!o, however, to re-eonstruet tha 
curve for a releasc-pmsaure of 40 lbs.; and ita ordiuatae 
maat br that pnrpoao bo multiplied by W. and the iiillo«N 
ing are the back pressures due to (he iiotilied I 

Mli-IIACK MIESSCRES. 
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K&TLWAY UACSINERT. 



As the general dUpoaition of locomotive engines it much 
of m kind, ft ia pnlnlib tint th* Imr «r huk fummn 

TABLE No. XIMl-i'K ITNAL AND EXHMM ItALk ;H1 .>l<r H L's iil^ 
■nUkH IN TUB fUJN't^FR OF T5iK t.llKVI' mi'.TMS" )-l7-W- 
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now dptprmincd for the Nile la llie wme for other inside 
cylinders. To compare the resalta from tlie Great Britain, 
mpplied in th* diafisnw, {ikgnm-fkt* IV.) Um iMc«a> 
•aijdata tnumngii iiillio Ubl*No.M,tnifn«o)uiiBi. 

At tht indiMtMl final piwrare* vary eonsidenbly, tlie 
obserroJ back pressom are raduced for one common final 
p^>■^Hll^f. 1 >r dAi th't>'li, in the ratio of the pressure* 
■imply, as already done for the Nile, tv (kveiope tbt ioflu«iiM 
of apaed alone. The mean final prMiim m4tr each notah 
is Mitcted, M tkftt f«r which the b*rk p re i an res are r : r1n ci>i] 
TImim pnnHfW are represented graphiotily in the !■ i^. liii,, 

> ni.iM. 




for the six different cases rvntaincd in the table, otiJ ri Jueed 
to curves of mean value, constructed upon ordinates varying 
as iho squara ot lilt tpctd. Soma of tb« pnMuna ti* ntbcr 
widely, yet tlio enmo it» gmi mmgia. In Uw lut 
curve, the presisurM are merely nominal, practically nothing; 
we hare aesutiietl for it a resistance of It lbs. for 20 lbs. 
final, at 60 miles per hour. 

Laatljr, » third eumpl* bm t)u Hebe, E. and U. in 
the 4di Botdi, 114 mdiM mppnHHM, 17 inoiMO nlnH^ 
stroke 20 inches. The fullowinff UUa ooflUilu the nmltf 
from two different trips ; iu tbo 4tk Mtoom ■» Uw ndoeid 
back prcMura* Cor SO lb*. •( nlaat*. 

UntHVltNT. 



iftrd W 


OhMmirMMMSi I tHnH Wwii* 


At IMn'* 




In JIiIIm 


ttcMi curve. 




t- 


ik> 






10 


33 


10 


OSl 


17 


20 


38 


2 5 


t«0 


I'H 


*2 


28 


36 


9-7« 


»•« 


2!) 


27 


16 


1 07 


3!H 


30 


IB 


2 6 


4-10 


4 23 


32 


20 


3 0 


4 IK) 


4 ftO 


:h 


21 


4-0 


6 71 




»i 


19 


41) 


0 90 


go; 


40 


10 


4 0 


7 50 


7 '50 


44 


10 


40 


7 50 


»07 



Digitized by Google 



TOTSrCSiOGT or LOODHOnVBa 



89 



The annexed Fig. IS^conUias tho eurko fuuixlfd tm tlio 
roDt«n(s of tlw finrtfa wlmBii, and formed ac«ording to the 
lawof thcifniinitif thsapMiia. A» 40 hUm i«r lumr, it 




exhibits a back prcstiuro of 7'5 III*, iw 20 lb*. fiaaL The 
corTMpondenM«C tb« Itek fnamum with tlw piepoMd law 
b tttiifiKtory. 

Tba three cyWndm m which n* hun nov been eoiuideN 

ir^ t!io T.ir;.iii-ni >.{ ii u'k proMura, ars n';! of tlii iii iiuido, 
and heat«d in tlio euioke-bux. In this case, tito auain tuav 
be reckoned to be under favonrahle coniiitinns of drvncsa ; 
■nd it be considered as m flMablUud Iftw tbat> in 
Innda Qjlinders genorallj, nh«i* thaataam ia wall ]iratertad, 
ar.l r.r.iti I- tlic i.rliu.in' cjiiJitin!? of the bnilcr, as to »teMn- 
fMiiii aud <;ka;Uiiii:!;s. liia tuck pressure of exhauist varies 
dinictljr as the pre&4nre of the iitcam at tlie point of release, 
and direetty aa tha aquara of Uia qiaad. Thaapcadmayba 
ndnmiied aithor lnnilaa|Mrhimir«nthaTan,air{n6atpac 
minute of the pi^t-n in tlie . vlitnlri . 

Outside eylindrra in genera) exhibit the operation of the 
aaaia hiv of teak vfftiiiiML TtwaBBaiadcamaan iUus- 



naw. 



Jkki 




Will. 



UatUm in potut, eoqatraetoX MOoHing to (bat lav. It is 

unDeeesiary at present to partirulurizo ; but No. 13, nm«t 
be noted a» aflording a remarkably direct proof of the influ- 

. rio- < f .|„ r,!. Tin- tliiT,- .l::,_-r4li.-. Fi-^. lOS. KM, 1)0, 

ekop. 3, already- eclccted for another purpose, were token in 
nweiaaioa fran Va. 18 under tha tiM notah, and in tnetly 
tha aama eirtRRMtaacM, dnring an expnia trip, at »peeds 
anceaiaWaly of S6, 39, and 94 mflea ftn hoar, and fielding 
the results shown in the f .nM-.viii_- tal.'.'. 

The general coincidence of the values in the Lost two 
oohnniu, am|ihatieally eonfinns tlio law of tlio square of tha 
apaada aaona m taaniapf back pfaaanfa^ in ontaida igrUoders 
ondaranUnaijr 
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Erteplifiru io the Law of Bad Pretatrt of Exknmt — 
InftuHee of Water in tie Cj/linder. — Under special eucuiii- 
stanccs, exceptions to this l:i>v \ > bo fuui.'l, x-i in ihe eases 
of G. B. No. 73, No. 124', and No. 127. During the tbi«a 
d^OtUi April 1H50. on which No. 73 was anhotittad to 
aaiparinMOtt tha angina waa ondar tha IbUewiag conditions : 
Ftnt dSifjf .—-State of valvaat Sappniaton ]4iV inches, 
ri Ii.T-n 1 1;. 1 j|i 1 inch, lead ^'g in., travol 4 ins. ( yU-.ier 
insicie, lU lu. x IS in. stroke. 13ta»t-orifice 3| iu. diameter. 
Boiler foul, water muddy. 

AcmJ — ^Valrea aliand: Sapproaioa ISik inch, 
nkaaalStin^Iend-A^ln. B]aat*ori]iaa 9| indi dianmar. 

Bi'I'i r fiijl. nn piirvi.jus <l:iv, 

Iliii-U </uy.- VtJvta a:ul llisi-urifice as on second d,i)-. 
lloiler run off, fresh water supplied. 

Tha darit-lina diagram. Fig. 188« ia one of a number taken 
from tha ^lindar daring tbalitet day. tin iM^^faig af tha 
r^m, Bteain-Btrohe being towards tha i^t 
hand. Thoogh liberallv supplied with 
lead, the sJ mmi u;i>. incapable of reach- 
ing its maxirooni prcaaare, 24 Iba^ till 
about one-third of tha atnlca WW da- 
scribed. This proves a case of extreme 
priming, and accordingly at 41 miles pef 
hour a b;i!-\-|in-ssur« of II II.'''. isi the 
result, or ueariy ouo-half of the acting 
pressure. Again, at lH miles per hour, a speed at ^ 
otdiaaiy aqginea, witli tli« inaie «ize of wheal, ( 
to clear olT the hack pressure, — this engine ia afflicted with 
1." "f I'iick resistance, for only 30 lis. lT av tl;..: pressure, 
as shown by the light-line diagram. Thua, at iho widely 
difoent apecds of 11; and 41 niile», the percentage of b.-iek 
pmnitfa la virtuaUjr the same ; and even at aatatting apeed 
of S milct, tha dot-lhia diagram prove* • hack taaiataiua of 
r> to 10 li'H. 

That (liiji tugiiid was, at tlie time of the ex; > nni' iit, 8ub- 
jeeted to licavy priming, is proved by acir- lul ' .-^'imate of 
tha oonavroptiou of water aa atcaw, Xbia was foiwded npon 
the preemrea indicated at laguhr mtervala tbronghoiiit the 
trip ff 111 Oreenoek to Gla^iguw, and the priming of water 
vt^i jii'i/vtMl Ut amount to 31 per reiil. of the water which 
passed throngh the cyhnder as steam. The inference, then, 
ia that the exiatrace of bodice of water in the oylmder of 
If Oi. 79t hringa up the hack pNaawe rapidly at 6nt aa tha 

A|ieeds rise; but that above 16 miles per hour, the ratio 
increases slowly — much more slowly than the speed, though 
in all cases greater than what is due to a clean boiler and 
pun water. This last oondoaion ia CDnfirmed by the dia> 
gianw (ram No. 78 tinaij gi*an, fig. 1 87, allowing thnt the 
■ back i>rcs«Qre fell to one-half by elianging the water in the 
i boilcTi and it must bu added tlutt, agreeably witlt this fall ol 
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pttaiurc, tltoprimiugoo Uiat o«ca<iio7i,ostima:e<l as li<iR>rr. (< 11 
in about the awna ratio to 13 partrnt. n( tim weight aletmm. 

Befomiig to (h* tabl*^ S6, of Uck pmraRS for 
No. 7S, tht cooteBta of which wm iminA fion the third 

rliiv'ri pi-rfi'miniirr. witli i'fini]i;ir:it:vfly clean, ihoi^ll Mill 
impure water, ikad with 13 per cent, of priming, we find 
that tli« Lack pr«<:jtare vnriet direetty M tlio nfKt^ aimply, 
« veil M diraotly ai iito acting pnaaun. Sneh is no doaU 
Ao ihflneneo of wator !d iha eyihulflr, in aggi»ntiii| to a 
^'iTal'T rr.-^Tic (lio I pr -siires for the Uwer apeedj, for 
tiw adJiijoii cf the uaine txua re*!«taDee niake^ u grtiler 
apparent diiftrcnce un a «ma1l«r pnnuure. A special rxamplo 
of tlw tffiKts of priming in tin qrlinder of tbo Qreat Britain^ 
waa qaetad in tin lint chapter, ig. 128. onrtoining • dinct 
proof of the roiif'-iiiiriit ri^:' uf lufk ]iri'«s-aro — iu that oitn> 
from 15 to 21 lbs.— it n w.ihhi tli,i Mperience of Mr. 
Gooch that iu similar msca ihe exliaiwt line liM bt>cn raised 
to a lerd vnth ih» •team linoi when of oonne th« loclt 
pnwuTO amooBtMl to 100 pat ««nt of tho poaitirt pnsniM. 

In tho diagrams from tho Orion, (!:•. a fniirfy of 
clean in plai^ of miuMv water, reduced tiia Wk pfi.>asuro 
from 911)8. to I i lt>4., or practically nothing. 

Our nest ilitutnition aliall b» drawn front th« perfonnanea 
of 0. IL No. IftK eood»«igina, nnder tho firtt n«t«h, ex- 
liawtillg at S3 inehM. durin;; 4-2 percent. t!'.n MrnLr^. 
Tbo annexed ear«e !k the ruult uf S3 diagrams rctiuciJ in 




tho OBual manner fur 30 
lbs. final pressitfo. Tlio 
curve i* peenliatlyBat, in- 
dued nearly straight, anil 
Is symptomaiic of a con< 
iM- uiiKii.iit of prim- 
iug or condcDsation, pralK 
aUj hoth-^iniiicstiog a 
noM aarions praportiMial c*,u.m^Jtt'm*jMm*t«tC(u« 
obetroctlon to the exhaoat- *" * ws* nmmm 
inn; of tlif M. :n-i :A lower than at higher speeds. 

In tlio ctiorae ul some expcrimenta on tlte raH*tan«e of 
ttalna, »itli No. 1 27, C. It., a gooda-locomotifo, of tho daa* 
of Ko^ lis, tha incidaBtal hack jirc^osurc of Dxhoust ms strik- 
ingly contntitod fertowand hij:h pressures, and for extreme 
r\[i;iti?ivi_ •iMirki:!::. lUinri,; n |'r'Miii;ii:ir\ run cf 1:1) milw 
aiuii ', uiiil.M- the tifth uou-Ji, or mid gcs-ir, cutting off at 
4 inelie.% and eihauHing at 14} inches of tho atnk^ the 
dia{[fania in btvtf «od light lining, Fig. 1 1«, wore 
at 17 and S9 miles 
piT hour respective- 
ly, and after I) mik-s 
of tho trip had been 
performed, when 
fonsequently tlio 
cylinder had got into 
its regular workiug 
condition for that 
notch. With final prewnrw of S4 and 21 Ilia., tha baeic 
prounrca imouoled to 14 and 18 lli*., about two-thirds, 
without any dislincliou being f .r il. This ft>r- 

Blidable resistance, duo to a case iij wliiclt the steam wib 
cot off at one-sixth, and expansion carried to uvarlv tliree 
linia tlw admiaiion, inclading doanuM, ia n mnapioiNnia 
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liri icf nf the influence of condensation in the cylinder in 
aggravating back precisure, — a condeneation which in tlio 
aeeond caae* with iSO Iba. praiaaio at aappnation, nmaaaM 
to at kaat 53 par «ant of tha waight of ateam ■u |i pni aa J . 

When till' I'li^iiifl w.if alt:i.'hed to its Icnil, tin' li:ii k [in -(»iir» 
to a grtat ti^U'ul «iuA|'p«srcd under Wgiir aditii^ions aud 
therefore smaller dej^rvcs of condensation, as exemplified in 
tha dot-lnw dntgmnit fig. lift, at 23 miiea per boar, taken 
after donWng m annnit, vhao tho oflinder had he«n pro- 
riously well heated by itard work. Agiiin. m !>. m tlie^ loco- 
motive with its tender ascended Itcattock inclius ul«ine, and 
at ipeeda of 15 and 23 miles, the heavy and light lino 
diagnutti^ fig. 141, ««ra iho rtsnit, in which, while the pma. 
anna of ndmnaian «««a in both eaaea, SO Iba., tha eolfaawto 
were 6 and 8 lbs. But when, on tho Kime incline, the 
eucine with its load, ascended at 13 luilos pur hour, iu full 
u' a>. «i:]''>ressinj; at IfiJ inches, and with 05 lbs. steam 
during adojtiaion, tho back preaaure aa abown in tlio dot-lino 
diagtam waa nothing at all Thera ia, to bo auo. tho im> 

pres.«ion of a gust of steam from tho neighbouring cylinder. 
This reaistance i«, however, an extra, due to the peculiar 
formation of the blast-pipe, and is not rccognixuhle as regular 
bacit precanre. Tliat tbera ia at least abaodaut aoopo ibr 
ceadtnntion, in tho dbpoaal «f thn wnteroounniad bom 
the tender, \a evidenced by tho rrlutivo consumptions of 
water as steam. In tho second case, on tlio Iteattock inclinei, 
tho engine ai I t< i i< r alone, suppreasinj at 12 inches, with 
an average of i&i lbs. steam daring admi^ion, oonsiMn«<l 
on n 10 nib ran IS-fiS eaUo feet of taator indicated aa 
strain; the measured consumption from the tender amoiinteil 
to 23 feet, showing a eouden«it!oa M)tn) to 18 per cent, of 
the steam u»ed. Forth-r, wli-a tho locomotive ascended 
the incline with the tnun altaoiied, it wu found that 127 
Ctatof taater paaaad thimigh thooylindenaaatoam, UMOMUk 
ing the pres-Mires from tbo admieaioii-liDOb and (hat 170 feet 
w«« the total consumption, or 17 feet per mile; the di (Ter- 
ence, 43 feet, indicates a condensation and [ litji i/; together 
equal to 2S'3 per cent, of the oteam. Dot these quantities, 
which will ho fttllj diaenaiad in ticatlng of tha boiler, are 
qqoted now only to (bllow up tbo argument for the reality 
and importance of condensation in espoocd outside cyiiDdeis, 
an I t i ^how how pndiHtivo ia water ia Ihe ejrlindar of 
back ]iressore. 

In inaido cjriinden, partiaUr heated, ettn back pressure 
doe to eondfoaatloa, ia oesaaioaanjr apparent Immediateij 
aiW starting; a train from « teiminna. Thus, on the Edin. 

burgh and Glasgow Railway, during the aji> i i t ct' tin ('■>•■>■ 
lairs incline, i<tarti)ig immodiateijr fruin Ula»gow, tho loco- 
motives, assisted by tho atatWnary engine at the lanmit, 

and working nnder an aaaj pcoanni, vsuallr eihibit an Mtm 
proportion of back prMmre which is only removed after a 

run of sonif niiirs witli full -ti.iiii ■Jii, \\ tlic I!iiiiJloT, 
oD this railway, oi winch ilio cyimiivrs, though luaoit;, are, 
to ho BBM, but iaiporfcctly protected, 7 to 10 paouds uf back 
pnoaure cwnaMuly exitto hr tho fint one or two miieo* ran, 
and tho leMstance nllimatelj fall* to ahoat 3 Iba. ragnlar. 

Having directed atteuliuu to llio circumstances by which 
mainly exhaust pressure is regulated, tu certain c} lindera, it 
is expedient now to cLissifv tho results from tln^e and other 
ojriinden. Tho toUo, No. 85, cootaini, in the fifth and aixili 
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columns, tbo mean release and cxluuti pressurca actually 
glNtirml, M the upmd» atutd to tht tMid aaA (bnith 
Mbnmui for the given engine aad mteb, — tba tncana being 

dsdaeid by the niclhod of the earr^, in tho way already 

described. TIicl-c [ircsurcs. .'irL" iu no u;iv livpothet'- 

leal: tbey are, in oouneciion with the apccda, tlie cipreauaoo 
«f MtadkvmeDiNiilta. Itii|limfmr,dNinUotortdace 
tiM nliaiBM ywM MM ibr • eomrooo ibmd ijiMd of piitam, 
mi one eommon presenre at release, as 'on these eonditlene 

nldiiM, ran the f xlriiiHtii;^' a!4!itii> of ilifTl/it-nt cvl;i;:i' r» Lo 
compared. The aeviFDtli coltunn contaioa tlie buck preswum 
M Ndtued for • eonmra apttd «f pitton i>( 600 fc«i pi-r 
uriMttk mmI « cdiDMn id eim fo m m «f 30 UHh, vbicli 
in riiovt tbe iihm» of the obierred qnutittea. The re- 
dvetion ha» been nia !r l-' ;i' rully recording to tin- l" ncn! 
law of back prc^ure aut!^<iy {.•sublislied, except in the cases 
of C. R. No9. 73, 124, and 127, in which we haw Jbond 
that the Tarutnn prooteded m the epaed and itlima puBiue 
dimply. The ndneed presenree tn the leTenth eolumn, 

tllou'_'li r.ilciil.'itri], are \-:t\' f.ifrlv iii'rlvc<l, fiir t;iii'it <>t' 

them indeed fall withia tbe scope of acloal otiservatioo, and 
Ibb oUhm but ft tfiile bajaad. 

juax, vo. xxxv.-ov eshadjtt back rBEsauRea 
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Tho b-irl; jTf s^-iin.^ nf .\Ii;i i-t ,in.n tii n-.r M.ei-d of piston 
and 01/0 final pressure, haviug lUua been worked (wt, tlwy t 



are now on one footing with respect to two of tbe imiet in- 
flsentiil CMitea of their existence. We ban jtX to find 
how they are madifiad igr ^ pariod of nleuM, by tbe erase 
sectional areae of the MMun-porta and Uaet-orifiees, and fay 

aiil traii'l of v:i'.vf-; ai.il to promote this iriquiry, 
tiia table, Mo. 37, p&ge Hi, has bi-tu prepared, contaiain^ 
tlie data necessary for fullowinj* out tbo eomparieon, and 
i( ii tbo fraadatMiD of tbo followiog discussions. The 
flret pMt of the table contwns lined valaej; tho seoond, 

:nt;n anJ tlicir niti:><; aiiJ (Ii ' last t'.vo columns, the per- 
ceiiiagrs fS tli>i [ riiids of release, io terms of the whole 
stroke, ati i tirt brn.k prossorea of exiiausi doe to one speed 
of piston and ooa fioal pmau^ tnunfemd from tha fbii^ 
going tahki. 

h,J!u,HCf P' r!'.,! (■fn<l-.i^' ■„, Pr■.^6urf.—h^ .ill 

tho inside cylinders, tbo greater tbe periud uS reksud, the 
less is the exhaust back-pressure. Tiiis is best cieoiplifiad 
in the Great Britain, and may be further elucidated thus. 

TABUS, No. XXSVl^-OKJ-.AT BRITAIN. EXHAUST PKEasUBEa 
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Ijjr <nuk. 


r«Mt<tnl)Ha<» 
I««BM|ii<ri|iik» 


ist^SSL... 

9d do. 
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The third eolanm eontatns the angles remaining to be de- 

s^rllu^l Ipv tlie or.jiilk iluf'i (I.ti r:-!ease in the SO ;i:ii-'-tn)ki', 
wliicli, a.« the crriiik p'vc'vr^ i:»iforniIy, express tilB rolatlTe 
times for rrkase bei i n tlir- i rni of the stroke. We ihns dia- 
tingoish the tima and tho periods of release. The back ytm- 
sures appear generally to be inversely aa the (Imesof ^i^Ti iHiTt 
during the stcam-sti-dk.;'. TLi;*, corti[i;ir:iK' tho ^H and 5th 
notches of the first s«rics. wliiio tlic tuiirs as 7 to IS, 
the preasurrs are inversely aa 7 to U ; .'m l fi»r tbe 1st and 
3d Dotchca of tha aeoood sarieii wbila tba timeo an M S to 
4 2, the prmnna are inveneiy aa 8 1« 4. Tbo Wth ooieh. 
to be sure, shows a small r prr-isiire than the lime would 
indicate ; tho evidence of tJi« Jsiigratns, however, was not 
very decided aa to the usual amount of tliat pressura. 
Tba periods of teleato^ in lineal iachas of strak«b beeoms 
obvraiMly of hsa vaiiw aa they nenaia, to wdueing tlie badk 
pri svurt'. In i aii$e the times of release, by tlie nature of crank- 
liiulioo, incrrAse much less rapidly tlian tho lineal values of 
the rebaasL On this ground it is that an early exhaust,— 
early, aa naaanrad in toabai of tba atcofce^— is piaetiealljr a 
very bannlna Qnog as a diaaipatar of steam^pnarara. Wo 
say practicaiijf, becaiisc tli.' i-;irlii r supfinssi.in, nlicli !;« 
aoeoinpanied by the tirhur rekitM!, iu tlie use "f tin- link- 
motion, is employed only at high speeds, when uf conno the 
stcaa is mach tba better of a few axtta inebaa of tUe atraka 
to help it out of tha way. Wo find It ao m the diagMma 
of the Grent Ilrii:i-:t. At iln> Li-h.-r .-[!;•. il-. iii;,l t vca at the 
lower, we du not cbscrvv tLitt tlic Uh uuich dtscltarges the 
steam unnecessarily early. Indeed, ot the higher speeds of 
tba lint atrica Ii appaan to hara bam laibartotoi Iba 
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^eat object shouM not b:' t-i (:ni;n in t!i'> pn .M rujion the 
Kt«iiin-Iiiio, no much aa to riMnova the ra.si«tanco n|K>ti tho 
exIiAuiit-Iiuo, inoaniuch as thi<i resistance, if it operate at all, 
«n<liuM throagboiit Uia cntin ntuni-atnk& H«neo tha 
giMtwt doetriaal ohjMtton t« Riwtherali daaMe-nlw n- 
pansive geiir; imli i- J. fu tiii;,; gT tth' Tr.rinMc i \(i:in^'vi' 
g*»r« with doutilu vaJv.is; Lv uitaus the principal vaUv, 
which is worked bjr a fixed gab- motion, and i« intrusted ex- 
cdusively wiUi tbe duty of rclcwiqg tho Moain, tbe rtltas* 
tilkM plim Bt am ianriaUa point «f tli* atnilnh ftv all 
expansious and of cunrno for all «pc«dii, and therefore a pcr- 
ccnUijo of rclcsKo that may sufliee for the lower speeds, 
L<j vu:!!! s i: Juriously small for the higher, as iu the latter 
cases Uio unquoitianable advmUge of a liMUtnigh esluut it 
Intend lor u obscura triflo of tttn ocpanaion. 

Still BOra deeidodlj don tbe folly appear of deferring the 
point of nl«aM io all caaaa to the la(e-it inch of tho atroko, 
on examining the rcaults from thenul.iido evliuders. With 
No. 33, between the foorth and fifth notches, tlio back prus- 
tore certainly falla one-third, but for tllC seventh notch, Bot- 
wilhoUiMluig ita high peMHitqgo of nlanaa, tha 
run. IiiNo.4lS^ tlwfeaitiiiioteh liat ahoiiniii 
aoeethu tho third, ani ihalBiihia iMAtrifiolmvcr tlmi 



the third. In No. ,11, the disad vantage of rxpcaar* ia mat 
by the adruitage of a sjNMioiia imida k«ii, and tha fcjghwt 
notch tbowa leoat raaiataBoa. On tho other hand, if wo take 
thofaanlu from N«.. 12-», 12.5, and 127. a» one eerie* from 
om «Urs of engine, embracing the perfomianws of aU Iba 
notches from full to mid pear, tlie back praaanio al^ghtly 
fall* towards the third Mtah, and riwa toward* mid gear, 
for which the rMiatsnM ia hdaad th« gnataat of all,>-«TMi 
»iUi too tinaa tho pmaataga of wlMg, thrt bdjag, I, ,1,, 
flm notch. ' 

In/uihcs of Imide Lead on Hack Prfmir*,—AM tnaido 
lead ie eqii.tl to the otuii of the lap and th» ooiaidolMd, 
affected of course by inmdo Tap or deuiBM. it is hi all «aaea 
considetahlat and Jn the iueide cylinders bcfoi* u», it doe. 
not appaar to haw Lad any appreciable iDfluanee on the ««- 
hnuit, as mav .i; u. iV ui t!se following ro-stau-nient oftlla 
rcsult.i from the (.inai r.nt.iiii, «ho Orion, aadtfao ff fH 

TABLE. Nu. XXXVin -INaiflfi LKAD JtMD BACK PRESStTRB. pi n«aiIHI 



(Jro.1t iSritnIn) .. , 

(first wrira), j r.". '««<', 17 n4oMo. ft-4 Ihi, I 
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\VHh IIUI* mora thu half tiu inside ImmI, Uw H«be (x- 
butttt M ftaaly ilM OiMt Britaio, flmgli U fan hn 

release and a smaller port ; with ^Mr.f nhaae, liowovcr, 
tlic Hebe has a gro»t«r «xhaust than tliu Orion, but tbia 
is well expbuMd bf tlw meli miaUir UaaboriflM of tbe 

very influential in reducing back prc^nuro, ts the foliuwlns; 
ckssifieation will sbow: the engines being of goe geitaml 
and tliapoiti aod MMt^dfiew umAj idtBtieiL 

flBUi Mlw XX.VJX.-IN'SIDE LEAD AND BACK rlMinfm. W 

So avT. tlTl**'>ll'7xl«'>**>1<'*l^'>MkP"*"'^ 

fio. 41, . t', ., 110 T ilt"*. 

No- 33 lit .. J4« .. 

1«..„.„.............„W« H !»-* •> » 

««>4»MM.»^ M.».....„T h ... MH .. » l Hli» 

No.39,......>....... „ t50 I'lAl"". .1 

»«J 60. notch™. lir .. .B...3lb>. 
No. 61, DiMii of 3d) L o^n 9 7 n« 



In tlicso ca»c», the iupcriorily of No. 51, with the most 
liberal iiisid« kad, ia ootMpieaoas. No. 33, with Uw Mnallwst 
Utii, la olmmulj tlw worst. Tbw engiuo, when tlie tbIts- 
gewiDg waa io new order, yran stt to have the Maine lead as 
No. 4^ ; but fts the gearing had worn, the inside lead was 
ix'duccd, and tbe back pre«.»ure was accoi-dingly increased. 
Th«ie i», therefore, m docidMl distincUoa betm«a oaltido 
aod inrido eylind«ra, in nep««taf ttia niumifly tttt laMt 
had; and tliia i» fiirtlMr mnpUfied bj tlw bNoviDg 
contnuts: — 



TAIII.E, N0.XI INSIDE LEAD AKD BACK FiliasirKU OUTSIDE 

ASn 1M!IDE OYIJMIEKS CONTHASTKD. 
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la tlw firat eaaa^ tbe amalUr bkat-odfig« ef the Hebe aeeomita 
fer tbe «MC9e of bade prmsnre, while tbe lead i* not half 

that of No. 42. In Uu- ti'.-iiinl and third tliu iini in 

cylinders exhatut st& well m the outside, ihuUjjli tiiey Itavu 
BOt t«».tfainia ef the Kad. In the third ca«e, iudeu i, the 
iwide qrlindtr ia mtdt. nfmar to tlie outaida, abawn^ tmlf 
balf the baek ptwaora, though to be eure its Uait-ariltee ii 
»'i^l,tly !;rsater. Thrto coniporuons prove the pruprji'ty uf 
au ;i.ij4iUneQt of ijnido bad to the Dcccswlies of an eogine, 
by proridiug a sufficienogr «f ontsido Upt and thej furnish 
anezpianatiooof thennonaprw^cfloeoBeiire 
iutboaaeofbpaBdtnTel. For we hafo seen that f inch 
l.i|( ill S'i:wii's iusirte-cTliniicr engines cxhausi.H .-u vsril as the 
II au i II -.udi oi lap, which Mr. Sinclair has iound noooe- 
lary in hii outsidc-cyliadar eqginai m the Odedonian Bail- 
wi^. TiliuitieUMtiiaoiajriaeweiletlwpiMtiawoftbe 



kading maiuta, appareatljf oontnulietoi;, and jet neeaanrjr 
fer the attaiiniiiat of the gnat elgaet, a fiea eotlianal, 

Iriflaenea of th4 Blatt-Orifice on Back Breuure. — A wide 
blast-oriCce h the ultimatnm of all real improvement io the 
locomotive; wiiitfivcT tends to er ir>mi;ij steam, relieves 
the functions of the Uaat-pip% and permtle, tbetofon, of a 
wider oriAee; and the widar tha oilCeik iha kw^ aa na 
shall see, is the back fimun. lu ao Gir aa back eKhaut . 
pressure is dependent on the facility with which the steam 
may pass llin'iiL,-li tin' oiiljci/, uLirh in M orJitiary cn-c^ 
the narroweeit pari uf iho uxhactst-pwsage, it is clear that the 
greater the area of orifice, the more easily the steani eso^Ni^ 
and the Uas is the iMck pressnrb The effort of painping 
tha etiBMB through the orifice, as iMaannd in back pressure, 

ought to be tlj.it dun fo cn.'jtiii;; a f.|n:.: J d: c\'.l iiivcr-s.U- ris 
the area; Uii I'na prm^sure so re(}uired varies as tho t^c^uars 
of tho ip'.ed, therofuro, fioallj, tUa part o( the Wk pressure 
should vary inversely as tha a^nare of tho area of oiifiee, or, 
laattly, inversely as the square ef tbe square, or tbe Ctaitb 
power of the diameter <>{ urlfn 

The most direct method of testing tho influence of Uie 
orifice, is to operate upon the same en;pne with an orifice 
eapaUo af iteing Taried in ana. Thia we have not dome. 
There ia miieh ia the table, however, worthy of notiee; mmI, 
first, of tlie Oreat Britain. Diirlri;: ihi; f.vt> series of observa* 
tious, the areas of the orifice were relatively as 2 and 3, for 
the first and the second series, other drcumstauccs lulng 
materially the same. For these casta, tha back jnMaona 
and tliiir ntioa were IS lbllow>~ 



Isloeteb, 
3td do,, 



ritsrscatEa, 
i rw et w si 

y-dke. 

Mlhs. 

Mlbe. 



■Ecoimissua 
»lihe. 



»lihe. tBliekl<4atel 
aiDMk de, 2'«5tDl 
l'd«U» dob. 4-17tel 



, As the baek pmsare for the flfih notch of the second series 
liiiH Lri'ii riiiKiikt J .14 rjtlior an uncertain quantity, and as 
so small a dttference as even 1 lb. woidd matenaliy affeet 
ttte ratio, our attention will be coollaad to the raliea fiom 
tho fint and third aatehea. Theaa tatioa are nearly the 
same, and tbe mean of the two is S-38 tot. Now t he areas 
of orifice are as 2 to 3 nearly, and ri;' ^ mjh iii ■ iuvtrsdv 
are as 9 to or as 2 25 to 1, which ia nearly tho ratio of 
the back pressures. Af^in, the diaoeteia af ariSfle am 4| 
and inehe^ and their foorth paven are 410 and 91S, 
wbieh invefiely are as S'SS to 1; whieh la synonymous 
witli tlio ratio of the squares of the orifices, and is nearly 
tiiat of tbe back pressures. These ratios it will be observed 
err in defect, as the bock pressures vary in a still higher 
latio; w« Bca tbemfiMre sals in osoehiding that, in ths Onat 
Britafai, the bade prseenre vsriea bnansij la tha ifaanof 
ill'- .ires uf Ll.t^t-<:'r;no.- in other wwds, mramdyaa tha 

founik yiiViec of tlw diaaiiiter. 

VVith No. 79, 0. B., it is not so. The areas on the first 
and second days an 8 and 11 indie^ or innnely aa 1*87 
to 1; the proasaras am 19 and 18 lbs., or ea 1*S3 to I. 

Thii^, till! prt!>.-iMrc'i liai'JU e>cn vary so rajii-ilv lln iirrM 
inversely. Ihtcf iciiKirks an- n»ade on the performance of 
two days while the boiler was iu tlf m-iie oondition ; and 
they show that the baek jwewon ef watttf^iaden ■ 
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•cM^ M Um arw of UMi-ori^ct invenelj, jmt » il varies 
iatlwpe««JMrnU»4^(b«J]iM4atiBplr. K«r mut it b* 
ovrrio'Ai.^i tiat on tfa* aeooiid 4sj M CCtn pcfMBl^«f 

relewe waa ^'raiit«d. 

The data jieldciJ hy llie oalsiJe cvldxl- r* are Irsufli^lenl 
for mj ftwatl ooaciiMion. W« my aaly nwutk tLat No. 
14 and witll cqul p«ranta(^ wf rIcmm, exbibtt 

bifk prefjnrra »LicIi am eiiiijilT io the invers* ratio of the 
areas of oriBc^-.i; an<i we know ttat in vv.U cii^iue tiio Lt -k 
pffsiure Tari«<l a* the Telocity simply. 

Jm^mtnet tf Arm ^ Suam-fort «m Bad Pr*mtr*. — TLts 
pfal i» tMl W17 aioatnted !■ tfc* USAt. Oo( tbm 
if B» doabt tint tlif port ulirmld be at leait a« wide ■« the 
Maft«rif!M. BfCD in the rytinrlcr. we have seen that the 
area of bta^t-brilice makcf it^<:lf knonn, oil the bock of the 
put«D ; fo alw mittt that of tbe steam-port, abouid il b« io- 
lifkr 10 Um oriAM. In ahart, the naallMt aaetioiMl ana of 
tlie poMcage for exhanst Bteam, !arp»lj iletennine« the buck 
pwsor*. So lontr. therefore, a» the steam-port exo<i ih tlie 
orifiee, tlic ustful limit of arta of port appiars to be obtniiiH 
with itapeci to back preuiirv. Foe example, the (>r<'at 
Britain, ia tlia 3d notcii of iht lat mKm. and the Hebe, 
with nearly eqoal orifieei, arJ percentage* of release, ciiow 
nearly equal ba«k pr^v.-iirts, tlif)ti::h the latter lia'» a min'h 
•mailer [x»rt, anJ much Itfs in«;rlc lca<l llinii the foniier; aiiJ 
il iaoaljr wbett th« bla.it-orifik.-c of the (ireat nHtaiii ia en- 
kiged, and approximated to the %\m of port, that tlie back 
pvfiinre falU. From this it should follow inTeracly that 
littif aiJvaiiUi^e by way c/f reiiiuviii;.' back (iressiire — in cylin- 
dem in good order — would accrue from an orifice w ider llian 
tbe (team-port. In joine of the ixainplea Ufoie u.t, llie 
oriliee tligbtlj txceeds the port; but there Is no doubt that 
th« full advantage of the oarivallod Uatt-orifics of the Urcat 
Rritaiii, f>e«oR>i oerie*, woold not ha*e been deT«lop«d hut 
for the equally opaeloBa porta witli whldk tha aDgina has 
baes conttrueltd. 

/lyhuMM «f Gmtrat Mi^nUudt tffnU m BaA frm- 
ntrt. — So far as the contents of Jlie tahlo would indicate, 
tke movctncuta of the ttcani are iudi-pentletit of the iiieru 
sisa of tlie cylinder. Some expFrinicnls with the Kiiglaiid. 
EL and 0. Ji., an tngitie of ret; atnall dinieoeioui, support 
tliia enulaaiaa. l%t maa and |v«paiti««ia «f tha enginr, 
darived from Table XXITf, aM aa fotlotf 
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With an 

train, on the 
July, 18-51, dia^Tains 
were obtained from tho 
ayliuder, uf which the 
annexed, fi;.;. 142, ia 
a favours' !r' i v imple, 
iu ordinary workiuj^ 
order, with the Mlvw- 
ing porticuUn: — 



tin ML 




I'n^uje al »l| (.i»>»ion li-*> I'js. 
Da. at prlc--.r.,- 75 ll>«. 

I>0. of bicL riliint C Ihs., 

=^ 0 (fi c»"iir i»f rrlt.aw'-prr-iauro 
?;<<ed m^k^ per boor, or t79 ^cct of p!-^i«»!j {>cr rfirjtfit^ 

To rai«e the percentage of bai*k prewure foi' iiW> iWi f 
piston per miunte, in the ratio of tha aftUM of the 
«• hww8x60(lF4'«7d* — 8-6 par aaot^ with 
ent. af releaM. Vt'ith a erlinder enlirdjr dear if H* 
emoke-box, though well clad, and with an orifico of the wnt 
rrlalive arr-a as th.i( of tbe Great Hritain, second %eTv*, 
(huu::!i the port and in^a lead are rather le$.<). we find tLi 
En jftand azhaaatinf aa perfwtljr «a thia cngiiMk allawiif Im 
Cha diflamaa af ichiiB} diM,-« 



.4, 
tet 
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Frr>m thi^ !t appears that a rmall engia«k <if tha man 
proportions^ a« a lar;;e one. diichar;,'es tha ataaai aa ftwiy, 
and yields as ji' r ■ 1 .11 exhaust. 

JnjiMenu »jf WaUr i» tk» Cr/Un-lfr on Back Prtimti.— 
Thia anbjeet haa already been generally treated. The tolik 
however, Bbow.<i n!i that, whereas in iniida ejrlioden, tin 
li.vk pressure f;ilU a« the release increase*; in oabiil 
cylinders, gcuerally, the revcr-se to fomo extent takes pivt. 
Iltia ia moat mutptenoiuly iiiiutrated by Nos. 124, )2 >, mi 
IS7t and in genaial ta ta ha aairihed ta the pce^ence of 
of crindennatjon io the cylinder, th« amount of wbieh, as »» 
have already found, iucrt-ascs with the release and Utedefnt 
of expansion simultanfcusly. It is remarkable that toirinli 
foil gear, tha Great Uriiaio, in the first leriea, rhould ap- 
pear ao alightljr aupeiriar to thcaa anginaa, with all their m- 
di ns.ition, — a sfiperiority which is rrferrible dinplj to lk( 
wider orifice. Il is possible that iu llie former, the inBtkrtt 
of the cylinder tends to laiw the back pressure, whiie ill 
the latter the inferior temperature may aondenae evta tlx 
nchanat ateam. Howenr thia may be. It ta dear that (1m 
Great Britain, with a lunger rxl<'a'«e. jialns by a large differ- 
ence on the others, for with 27'5 and 3n 6 perecntag« l*- 
6[>ectiTely, the farmer is afTcctnl hy a nominal resistance cf 
1-lS Iba., while the latter ia burdened with 16 lha., or fiAen 
tinea that ammrnt. Even tha panengtr^laaa «f outsiiir 
cylinders eontr.ist favourably with the go<ni»-cngiB*«i h* 
they in inoft cases show a fall of back pressure attbei^ 
lease increa.'>M. The heavy resistance of No. 41, in tlie fi"* 
and accond notchee, were iueorred under peenliar cireoia- 
ataacea, daring n eoone of czperincnta, alraadj allnded to, 
oondnctcd within the engiuc-^hcd at Greenock, over a pairnf 
ground-wheels, fitted with a brake. The engino wa* lasia- 
tained in ni<>tton, at intervuN, duringonly five totenmifiaw 
at one time; tbits, with fre<|aent interraU of real, the i?lia- 
den never had ac<ioir«i their onKnaiy wnrkhig tampmiar^ 
and hence inemtsed rundensation and its consequence, is- 
crcased back pressure. Coniparin j No. 41 with Na. 13i" 
find that with equal r-leajes of 12 5 and 13'5 perci n' , i" ' 
equal inside leads, while the exhaoat preaiora of tke {iinsrf 
is 94 per cent, that af tha latter ia but 16 p<r««nt.«f (1* 
release pressure, or about one-.-^ixth of the other. Thai*? 
great diHerence in favour of No. 13, is due rutire\f ti ll* 
of thia angina having bean wall hcatad JaiilV 
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ft liard and coiutaut run, wlicn tin' t!i.i;;iann «cro takiii; 
M'lirnas No. 41 was worked onh fm iiiurt [k rio !s. 

The aiagtwB, &f(. 97, from tlw' PalUa, £. «Bd O. afforOi 
iiiddmtaUy ft pioof af Um Mtion of irator oo fhe Inek luvMira. 
Id that casp, llie nidir:;! i- Ii.iil bc#n eoimi*ct«d to ilio cyliu- 
dcr by a f inch co|ip«r iuiw uU>at2 fset long, quite bare and 
«xpog«d tn tho current. Tiie conatqnnmwiu tliat condensa- 
tion is tb» tub* iiU«nn|it«il the no*«iMiito of Ih* Maiui, 

which !i v! virtually no fxHloiice in tIlt^ cylinder; and, ac- 
cvrdiagly, m tho Orion, which has the same pn^portMB* of 
pn);ine, the indicated back pmnnb non tndj I^giltftnd, 
WW pnetically notbiog. 

Onfraf OMuUttieut. — Of tliiw tbnmto inidtr db- 
«u«sion, — port, orifico, ojid lead, it is clear that, in protected 
cylinders, tho proportion of oriCce i« that which mainly 

.^uijt^ s the hack exItauH pr«»urp, so lonir as the port i* 
creater than tho oriiiee, aa it ought in all OMei to br; luaklo 
laftd, within pncUcftl Uiuila^ uppesn not lo affiM tht im- 
htui, tad tlicrafore the amonnt of outaido lead, or of outside 
lap, whieh mainly conii.tit>itf« inside Ifa*), makes no differefico 
o:i thf .1111'. Mill af the exlian-: t,r..;:.ure. lu partially pro- 
tecl«ii cyiiiiii«rf!, on tho contrary, th« baek prttaan is 
gulatrd by tho bhut-orifice and tht iliaul* Icltd Jditily, Md 
the iuflurnaa of tho lattor in ndneiii|<( It. b npiMumit, ev^n 
though mueh widor than lh« orilSoo. Henoo the grtst advan- 
tage of lonp !:i;> Mii long travel for ex[iMed cylinders, — a 
pecaliar advantage which Mr. Sinclair was the first to apprn- 
eiato and follow up; — which makes it practicable to exluiu-tt a 
half MMfaMod ^liodof m porfeetty m » ti^linder onolooMl and 
Iwntod, ud to pfOTido fer » fm ezhotut a^shnt the wrar 
of the valve-grar. 

The eotumon praotiiw of giving greater lead to the valves 
of quick paaaengor onginw, with the olg'eet of improviog the 
osbftftst, thoHfh it nnowon this jmiposo, is not to ha Mtem- 
mcndod. It ofMrstea, so dooht, in ndtisf ng tho esbftnet 
preciu' I v lil^' ni iij i'i! :i !<lition of lap, — byaddin;.; as much 
lu the iijiidu I1S44I; bui a also occasions an injuriou»lv oarlv 
pre-admission of steam, as we have found in discussing the 
setion of (team in tho o^iinder daring adroisMoii. Th» 
mora sl^g^t and dinct, and evrtaivly tho more ooinpre- 
hensive remedy f<<r in-tifu ■; tit i xluriMi: n, is tli* ••xlension 
of the lap and the Uavtl, as uv, u Up tiuiilv, which has been 
(bond 80 bvneGcial in the engines of the Caledonian railway. 

The meon nmits, eontsinad in tho taUo, of tho perfonii- 
ueo of insido ud ontsido ojlindoni sitlnrivo of tho vxcop- 
tional cases of Noa. 41 and 73, C. R., sro simply the arith- 
uielioal uicaiis of the contents of llio columns. As the meau 
ratio of tho (..-itic 1- in both cases less than that of the pi'rt, 
the ' lattar may, for i>iir|MMea of eoropsriaon, bo U| out of 
ootieideratioa. To siMfdify tbo oiiiKr fiiHher, tiw mean 
oCthsntios of Mast-orifice and inside lead may be adopted, 
to represent the mean facility fur the eseajte of atc^m , and 
tho fo'lini;!!^ aliAtrif; IS ihf r.siilt. 

Ilent wo obii«rve that the joint OMian ratios aod tho ftvor- 
age periods of release, are about til* samo; and aa tho bttar 
an dno to admissiona of about 60 per c«nt. of the stroke, 
whtdl are wjr commonly practised, tho average drawback 
by back exliaust-prr^iuiv at tho ordinary speed of 6U0 fctt 
of piston |mr utaute, or aUnit 4U miles an hour, is fiir Uw 
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inside ejrlraden l^-S per sent, of the final atsftin pmsnro; 

aiiil, fill l!ii: <iut-iMii 01 Ilnders, 28 per cent. Lastly, taking 
tilt r..tiij of ihxM pcrcLuugca, wc conclude that the relative 
loss by hack prcasuro, for equal Cual pressures, and at ft 
spssd of 600 feet of piston, ia as 1 in tli* inside or well pnK 
tsstod ejlisdar, la 1*7S in tho ontsido sr portiallj pro- 
tected. 

TheM general remits are of course founded on the average 
working eondiliou of the engines. Great variations may 
j tftito plaoo in practice, indspeodent alu^gother of the state of 
I the valTos^ «r llw ]iaeitiott of tbo srylindsr, and arlsfni; di- 
rectly from tho 8tat« of the water in the boiler. In tho 
Uriun, £. and G. II., we have seen that by blowing off foul 
••v.itcr, .i:id iu'.roduciii;,' frt-li cltati 'ajIit, tin: Li:.';li pr'-<-urL< 
was practically banished, even at 30 and 4U miles per hour, 
in the 5th uid €tli notches, suppressing at S7 and 80 per 
cent, of the stroke, Tha ***'"'n*f^ poresnfa^ of back 
pressure, therefore, awarded to the Orion and other euginea, 
i:.:i^t. Ill- vIi'Mi il, H it ;is the lowest sttainal k- .iv. irii:-: s, but 
rattier aa tbo averages due under ordinary ni:itin_'< im at. 
And these considerations prove the advantage of a more 
iieqnont eloBBsiaf of tho boiler, and ohaogs of waUr, where 
tho htlor is ftBbirtfld witli imporitieai 

Agri;;i, llm a.!"j tin:; "f a n lease-pressure of 30 lbs., for 
all gra«ic« af expansion, mu»t bo viewed as a matter of ex- 
pediency, to simpli^ tho comparison. By this assnmption 
of equi^ rels MO pf sa ww s ^ tbo shorter admisMoos eontiaal 
nn&Tonrablj with the longer, in nspoet of their contingent 
back preasiii c, f 'r i.ijnal rol i *Burcs imply very un- 

equal pra<isurC'S during admLKKiou; liio shorter thu admission, 
' tho greater most be the initial pressure of steam to jfiald 
; tbo samo final pmniro^ in virtue of the gi'rater expanaian 
I to which it ia sabjeetod; whereas, praetteallr, the pressuM 
i in tho Udki' is thu same for all the rot !.( ainl tin pres- 
sure in the vjrliuUt^r during admission may tiliewtsc be made 
practically the aamo. This is the Iniv footing on which 
actual oases an tn bo cumparad; and Car equal admission* 
pressnres, (ho riioitcat admiaaions, with the longest expan- 
yiiSi sir' lowcat relea?' -pri s..i:if <, und by an mw-h m 
tlic-j>t ate pi'uj»rtionally lower, tiiu taliiltited pressures ought 
also to be reduced, to show what are tha actual conditions 
for comparison. For example, the Kntagta of the second 
ssries St ditgrama fimn (ho Orsat Britain, libow, aoeorflufc 

to the table, page 81, nearly equal adm'iaslon-preasures of 
79 to 74 lb«., while the final and releas«-pre»siirca are so 
various K 00, 38, and S6 Ibe. successively fur thu 3d, 

(and (Ih Botcheo, the last of which, for the laigest expsn* 
sion, ia coif mtMfvS the fimt 
The disadvantage hers pointed out, is rtimovcd iu tho 
last column of the table of exhaust-pressures, page 92, as 
there the back prcssuTM aiewpwaisd in pewantagsa «( thn 
proMnras at rsleaso. 
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Pomnlas for Uack pressure may readil v li* Mucwl froni 
fhcSB data. T!i. y would, howuvcr, be of little bko s"i zfr. 
To this subjtci «« shall retom in treating of the »«rk of 
•team. 

/f/AMMt tkt Farm ^ Hit £xiamt Parnate <m Pad 
PrwMHV.— N«illiiiig it bttUir Mta1iltii>«d tlian the propriviy 
of equalizin;», smoothing, and re;;ulariy forniiri.' tl.f >li;in. 
nds in which fluids ar? enisvi-ved. Stricture!), or allems- 
tionsofwide and narro .v i r ^c -tiun* ought to be prevented; 
M alio ahould Tiristiouof Uta fonn «f w«ti«ii, tfaou^ tbcM 
»• ntrttt I Ma ttoder emtraL Smeotlntaa of Uw intwlor 
Borface also is desirable, as roujlmcas or cicri-scwiee gives 
nee to eddies. But alwvo all, the general dirertion of the 
dbunel phonld be attended to. Continuity should be studied 
-JbHAaat from KToidAUs u^m or bends. W« ara not >t 
pnMiitiiiapoMtioii totapantadMdRMUoftlicaeiifliuneta 
a« they operate in the bla'4t-]>ipe; but tlus .li know, tJiat 
their combined effect i» to create much liiw back presjure 
Uiat wo bave Ip i ii '«eing that, under tirt-n very 

iiii£»*«iuMble proportions, Um ariAea of th» UaaUpipe is of 
itMlf wide enough to give vent to aU i1m ataam, when pr- 
fcctly dry, that can be Mipplir 1 to jttVidMOtaiiymGiraar- 
Bbla dcuaad on it* elastic force. 



Vki. it*^a 







And. fir.^t, of ourliille friend 00 (Im Greenock Tiikilway, 
C. R. No. tZ, AcMRiiBf to the ua a f j u umi «( tbo asiiauat 
liassaga. No. 1, in Uio aanamd figara^ tlio ataan cadiaaata 

from both cylinder» iiit<> » cubical chamber, from which it 
finds its way up tlie blcat-pipe, — a single tuho springing 
directly front the cltamber. The objection in this cise is. that 
tlw two oxbaoat paaaagaaiiom tha cylindan an dinetlj op- 
pooad, and am not abovo 18 indiaa dew of co^ other. 
During the m'.iiua uf the eni;ine, therefore, th«*e porl>) keep 
up a continuuiiks fire, discharging the steam from ono 
into the other, instead of being conducted directly into the 
obimsay, to the dairimaDt of tbe fxbaaat in tiw ejriinder, 
and tbo dnogbt in the tnwko-box. We have alnadjr aeeo 
>iiou_'h of the exhaust tu i ttl ' that point. Tbe supposed 
advantage of this intenm .iiurc i«s»rvoir of exhauitl steam is 
that it equalize*" the bla.*t,--a iiioiliiicaliun ftSiich was «- 
paeted to impvove tbo draft in the aimika-box. This we 
ahall afkopwarda eonuder; bat it b ptahi that it conhl operate 
only by obstructing the steam, aud that to nliat' v< r i xl' : t 
the eteaiu is so detained, the pistons must work agitiust u< 
atmaapllafa artificially increased by the detCfltioD. 
The aavadirut of tbe intennediatt mcrvur ems uieJ on 



an SngUah nilwny, a*f«nl years t^^a^ bnt withovt —eem. 

the previous arrangement Ji;niri:; bviu i n n r>- 1. 

No. S exhibits the exhaust (•as^.t^c orij^itiully adopted '.<., 
tho passenger-engines on the Glasgow an J South- \Ves(ni 
Kailwa/. Here, the vital emv, alradjr noticed in Mo. 1, 
baa ban Mpealed In a mere ol^iona fbrm, tor t&* eslnaii 
steam is at once j - iii i t- i (tf.H one into the nfij:hlwiir. 
ing cylinder, ihrougL iliv ltuiii(Jii!:il passage ; and if it gaim 
admission at all, it must increase the b»ck pressure then, 
bvfbre it flowa oot bj the blaat^pe. Thin oigootioo ap- 
peaia ultimately to hare been empeeied, trtm tho diSrahy 
of "getting stcu": ." '■•r. iihim- l.ittK, ihr- rectansrnlar beoJ 
at the ba)!e of llie ii)aj<t-pjj" li:, • h • n n jilncetl b_V a ilimV- 
curved breech-pipe, in some ili' i n^ iii. .iinl \\ th markel 
advantage, aa now tlirv nm with tiiaiT orificoa kali an iack 
wider than belbfa. It mi. 1v added that tfiesm eagfnaaw 
fiiuild to Work b.st willi . .if in-i.?.- t fearance to 

the valves, wliidl are made aiui Ifg- rnci» <>1 iap, -f inci 
lead, and i inchea travel. It li.vi already beon iiii-iiiiuDtd 
that tho cylinden ait otttud^ and eatirolx eoKpoooi^ and 
that they precipitate naeh of the ttMU wat«r: it is 
therefore with gnat propriety tlmt the clearance ia prin ' j'-i 
as it iiicrca»<-s by fo much the imide lead, wiiich we havr 
alnadj found to be so liona£dal in i^dh^ tb« aaeapa «f 
ataam partially disabled bj Mndanaatiaa. Tlw adnoti^ 
derived fiwm the eteannee in thie eaae haa hntm # fr e B «w»t y 

ascribed to t!.r' in.; nf :i |..,rli',ti i.f -r,,iiii liv r\!i.iiirtj"r 
from one end oi tbe eyiimltr lo tiie other, whilo the two 
ends are open to the inside of the valvee, aa a amall COttllj* 
bution for the succeeding stnike. llut stciam introdnaad ttn 
prematurely raises back prc»»ure in proportion to it* anMOBl^ 
and though it may dn a little more work before Ieavii|g tbe 
cylinder, it barely pays the expense of retaining it. 

The standard forui of btast-pipe. No. 8, for tho cnginfa af 
tha Grand Jauction and Galedonian Bailwaya, and amilBr 
to the one iqjplied to the Snake on the South- Weefeni 
Railway, is not mtir-tv f>'i- n -iri t!.f i|. l, uf t In^ i-tli- r' 
just noticed. The braiK'hes nit«l rather abruptly just bcloir 
the orifice, and the consequence is that under heavy pfss- 
anrae the initial vioieiMe of the exhaust from one ovliudcr it 
distinctly experienred is the other. Ttie dot-Iiuc diagraie 

fii'iii 1:;7- ('. l!. fig. 141, is liii ( X.iiiililr ill [irr,.-:f oi ilv\ 

as tlie vxlwu.ii htio cxliibit^ a sudden exaltation and gradual 
decline for which there is no other reaaon. Similar tmpN^ 
stous are traceable in the diagrams from 0. R. Nos. 14 add 
102, fignrwd in previous chapter*, and in many othmu 
Til y 1. I nio k'«s distinct ih?- . I rises, and tboo^h 
tiie ^*ii,'r,il efTect may rnnain, the peculiarity vanishes s* 
high .'iieeds. Partitions have been in some cases in«rt»<l 
atabrapijiuietiona like that in No. and with goo<l reanlla 

The veiy eommon ferai. No. 4, .vlopted in tho cngiiw«*f 
Fairbaim and other makers, is superii r t.i .N.i. ;>. :ii tii' 
finish of its orifice. Hut No. .5, by Bory, Curtis, and K*o- 
ncdy, and No. 6, by Mr. (iooch, adapted in tha Onat 
Britain, and other Oreat Weetem snginw, arc, Ibr poiftM* 
of free releaae, the beet of the forms now detailed. 

T! • xl 111-' pipes which must be provided for outsiin 
cyiiiiiiciis rrinovcd from tile smoke-bos towarda the midilie 
of the boiler, labooraikdcr the cooaidanUadiaadvantagNef 
great length, axpome, and anttatma benda. Tha li^glb 
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and tl)<a twmied courao of liitm together with the 

coadeiuation of cxliautt «teiun within tb«in by ex|iosare, are 
aggmntim vt th* «miim aC misUiiM which notliiui; bat 
■bear neecHtty dwiiM mhte*. Stephen Ws long-boiler lo- 
comotive, already figured in a jiiTViaiis [irmc, and Ciniii[it!.ti*g 
locgmoiiTe (all uader (liia olj««4ii»u, aud it is nodoabt one res- 
mn wby tba Mini <n ifie<i of the former is so injurioiMlyiBnll. 

Tba tnamne wcttonal area of tlw ailuHwt pipe ought 
CMtainly to Iw at atl points, short «f the oriSce, as wide as 
that of the r\li;r.isl ['ijrt, to ituiiice a niiilurm vi-locity of the 
wdt of the st«a[u. 'i ii» cxlwiut purt iioa nut iutlicrto been 
noticed, because it is iDvariably inad« wider than tlio steam 
port; its sectional dimeusiotu ««, therefore of little mouirut, 
especially as the pastago ia short fram the port to tbo blast 
piln'. B- yond the port, the diroeDsioDS should be liberal, 
as the steam should exhaust with mi moderate » Teloeily as 

BnunminoK. — l. It is found that dry steam of any 
pvoaaan abort 1 lb. per square inch might, by its own free 
motion, exhaust itstlf fru:n a rvl:i:iK r at a i.J much 
greater than is ever in practico rfquirtid, so as to render the 
back pressure practically null. Tiie back eximiBt pmaorsa 
utiuilj (XiMrMDoad an duo chiofl/ to the praaeneo of mixed 
watar io iho ataam, ami to dia atHetnres, bends, and lateral 
frielicii of the exhaust paspam -i, 

2. Ill iiHi.if. and outsitlM cvliiiaons gjiimrally, and trader 
ordina:y ciri'iiajstui c-Lj, ilic Lack exhaust pressure varies 
diiaetljr •• the preaaan of tho oteam at tba point of lolaaaai 
and dinetlj ao the cqnare of the speed. 

Abte. — The distinctiiiii lu re ni.ula as between iViWic u:id 
ouUUe cylinders, rei'ors to the iueidental conditions of tetU- 
yroteeUd and partially protetUd, which usually charactrriie 
theae situations of the eyliadari and it ia not to be accepted 
aa imply ini; any eaecntial disadvantage of the oatsidee, as 

ihcM ujav he aa wt ll pi ntert.-sl rt.'* lliti iiisiiK s. 

S. I II (< V Uiiders, tukido or onlside, which are subjected to 
[iriiiiiiiL' \\».t«i from the Unltn, or in whieh tbo ateam is 
Dondenaed by aa inCmor taapantoto (which oocon in out- 
aide cylinders), the bodt exhaust preesure is to a very large 
extent greater than is due to the cxhausliou of the steam in 
a dry slate; and it variee diiaetlf or tf/ftmummiUij ao the 
speed simply and the positm pi^aiaiiio aiaaplft tho patpor- 
tka of oscaia dao to tho ptaaiPM oT waiar h«n^ graatar far 
the lower apeeda. 

i. Ill inside rvl.'iidi rs, tlie >;riatfr tho period of release, 
the Its-s ]i the exhaust back pressure due to a giveu iuial 
i rc'^^ure of release, and measuring tho Hm0 tt wilnonci by 
the angle of tbo erauk at the releaee-point of tho stroke, the 
bach pnnsare varies inversely as the time of release. 

.I. An rarl_\ cxliauft,— early, as nieapuri; il hy the period 

of rclcwse, — is comparatively harmlces as a diasipator of 
cteum-pressare, becaoaa thotbMiof edhaaa* taenaao nwih 
laaa i^adlj than the fieriods of exhaust. 

In ontrride cylinders, as the periods of reloasu iiicrcMe, 
— involving greater degree nf < xiia:i?i<iii. and greater eon- 
densatioD, — the bock exhaust pressare duo to a giran le- 
Icase-pressnn, daaa aot ftO a» m/Ufy aa h taaMa ejrKnden: 
and in many caaes, it n'sce with the periods of ivlpn^f. 
Though thia ia tnie, the atnduaioa hardly meeu the 



I mum pressure in the cyiijiuer should be contemplated for 
I aUgmdaa of expansion; tbo release-pressure is, then, in all 
eaacs considerably less £ar the I4gh*r gndea, and there ia 
usually in practice a decided fidi of boek praasnre as expan- 
sion is increase^!. 

7. In inside cyliuders, within practical limits, the amount 
of insido lead does not i^pear to have any appreciable in* 
flunoaiiu the value of hadi paaaau*, la outaide cyltndera, 
«a the contrary, innido lead ia Taiy tnlliiaDtial in reducing 

I hack ]i)>'$snre, and to increase the inside lead, clt^aranc- uu 
I the inside of the valves appears beneficial for the bettor 
, exhaust of the steam. 

8. In inaido qrliodaiB, tha hadt pnaam variaa iaimmdy 
I as the sqnaioof tho anaof Uaatoriflea; or initiwly aa tho 

1 fourth pnwerof the diamet^T. It is prohahli; that thin rai'.i.'t 

iis opplicabhi also to oataide cyliDU«r« in good order; though 
in eaaao of primmg or o^n eoudensation, the variation 
appears to take plMO mm nait^ aa the area of ociSea 
simply, — tliia femr ntio raanllin^ freai the aggravatkm of 
the pressures at the lower speeds', by ti:e prejcnct; of water, 
I aad th<>ir smaller eompaiative ri^a for the higher i>]ieeda. 

9. Ti^o sectional ana of thv j^ti a^n-port should, in tU 
aaaaa, bo at laaal«i gHB* ao that of tho Uaat-oriiafc 

10. Tbo men fiwilltj far «ho edHnat of ataam in we!! 

pix»te«ted cylinders, is regulated entirely by the- area of 
' blast-orifice, 80 long aa the port is kr]ger. In partially priv- 
tectod cylinden, the mean facility is regulated by the orifice 
and tho luido kiA jointly ; and maj h» sapeasanted by dw 
mianofUiairtwoTalaee, or by tlmirnNiiiBlio totlnaM 
of pisti n. 

11. With a uieaa of ICt pt^r cent, of release, due to an 
admiseioo of ItalX st^ok^ and ^ a speed of 60U feet of pialaa 
per minute, or abovt 40 miin par hour for ordinary paa> 
senger-engines, and SO to 90 mileB for goods-engines, tbo 
mean back pressure of exhaust in the engines subjected to 
oH.'.i>rrat!r)D, is IG'3 per i cnt. of the final preaaure^ for inside 
prutLcti'd cyUudcra, luid 28 per cent, foronlddo ^linden 
pMtiallj pntoeted. Zbo ntio of thoao paraaMimaa ia 
1 to I'fS. Ezpnaaed in pereenta of the mean pnaoan 

' duruic tho i'teani-stroke, they wouM l>f .>iill ]«sa than we 
! have no»' 5tated; but of ihin »ts nUM judge in treating of 

tho wo.-k of steam. 
U. With tho «MH pnportionafar cduHUting, the mag> 

Bttndo of the engine mdcea no dtiTerenee on the quality of 

thL> fxh.iu^t. 

1^, With puiL' ^^at('r iu the boiler, and an orifice rjrth 
of the cylinder, mih tlm other ycapartiaaB M|oaUy favour- 
able, the greatest exbaoat baefc- pH W Hi O, at apaada of OOO 
feet of piston per minute, or 40 to M> milea per hoar on tho 

rail. Is within H( per cent, uf the rtlca^^e-prt «sure, for adinis- 
ateua of about t>i> per e«iit., or two thirds of the stroke. As 
tim admiaaion is shortened, back preoiwa faiia, intil Ar 90 
ponaat. ndBdmioB it bawnaa mUringi 
14. As the tnaido lead nrfaa vith tho itota of tho TaTto* 

j;i-ar, heliij ri-dueed 1)y as much a5 the slii^r;er of tlif v.alvO 
incrcaatui, it is necessary, iu order to luaiutaiu the best CK- 
I kanst in exposed cylinders, that the gearing be maintained 
I in the highest order; in well-protected eylinden, tliia ia of 
|| aeoondarjr importance, as tbo osliaaat ia rwf wnA htda* 
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If. Tlw farm of dw blaitf ip» mtariaUj affeeU tiw n- 
hmil puMBWu StiktwM, and mlngnlw btmdi inonwe 

it. Lengili and expoauro also iucr«as« it, — the latter by 
eondensioj^ the exliaust steam. An abrupt junction of the 
two branches from thecvliulir iii'-roa^fs it, ly tVioilitntiii:; tlic 

totnuN of bock ataom from one cylinder t« the other, 
ghoitui, anutiiuii^ of fonn, a libwd ttd uiiJenii cross 
section, and few oad gradml ehangia of iinHUatf MPOtilnU 
the good poiuU of • woll-imdo Uaat fifmt 
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Tu£ resistance of ctuiiprisiiuu, ^ repreeentod ou the dut- 
^nun, was found to be measured by the triangular area de- 
•cribod by Uw penoil towudo tbe end of tbo ntara otroke, 
isljoot to»dod«stioB ohii^ to oihnit pnnan^ npre- 
HBted bj ID OZtcnsion of tlie cxhaust-lioo parallel to the 
■tmoepherie. Tho compression-Una is to the exhaust, oon- 
vrr5r !y wliut tlii> e3i[>ni!bi(in-line is to the adiiii^ii"ii ; and 
as compretiaion is simply the oonvoiw of Mtpansioo, it io 
nfulMed by the same hiw. If (to qrlindor bt Biiatilnod 
at a high and sensibly uuiform temperature, tho comprMslon 
of a given quantity of locked-up steam, would indicate a 
total prei--"inr'j varying; irivfrsrly .i<i t\i(: volunn: Ijv <'iiiti|)fe8- 

m<m ; And, in general, as the piston approodies tbe end of 
tlitf return stroke, the BOt p wi i ion-liM fino and jotaa the 
adMiMiom far Uio naxt itiaiiMtidlte. 
A ottfTO of Mra]iCMiloo la jtrodaced eqnally wlwlhtr oteam 

ornir lie tlic rt-iBtiriu' <'l':'tni ut, T1hi>. wl.cii din «ir;uii i'- 
od, and pUtou works lu tho ordinary aimoiphere ut' tiio 
Ojfindn', the diagram, fig. Hi, taken ander such circum- 
shows that, during the retm aUoke, when tlir 
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curve a ft« it dtattiM, Uw air in tho ^Kador b oiluwHod 

in admca «f Ute ^(00, till the point b is reached; here 
tin nin closes the exhaust, and tbe enclosed air rises in 
pressure, raising tin ].. ii< j1 till the steam-port is opened 
for "adraiision" at c. instead of tJio vtul nllation, ■ 
descent of the pencil take« place, botaue tbo Wini|llDltlJ 
air is tho ojiiad<r, now plac«d in communication with ttit 
^▼»4liMt and dw ot«ain-pipe8, hastens to relieve thu 
]>ATVi:d viicniim in these localitiee created by the r.N , ?.^;on 
of ilic palun in tbe cylinder. The undulating curve of 
negative pressure, from e towards a, is tho* described 
dwii^ tlM -■(cam" atrpkei and. twUog A» d«t4itie for 
tho uoan paO, it ia doar tluit a ntmua n erMted behind 
the piston, and that thd i\tirin-.j,Ini:i- lln,- is ,:nt r-a lied 
tm after tlit exhaust opens to the bla^t-pipe, when wjuili- J 



briuin it rootoiod. Is jMMMng, it may be ohaerrcd that thit 
simply oaplaiaa tho pondlar (n»pct4iha aoond ctoittad hy 

tho blast-pipe of an engine in good order when running 
without steam, obviously caosed by the circulation of air dn« 
1 I tlio actii'ii of the jiiMiJii; it also i \[il:iirii| thr' clutter of 
valves supported by springs, that may be heard under tlit 
i^me circumstances, as tho fmreo of tho compr wu d air ■Ofio 
tboni off the valve-lace at tlie «id of every stroke. 

The rate of the variation of pressure by compression, is, 
.(^ in tlir r.v<' I'l t \[nn.s:iiii, at!'"oti ,i l^y liio li'in|n r.itiiri' of 
the cyliiiiicr. As tbe temperature is theti, after a period 
of exhaustion, at a minimum, partial 
partindaify in ovtaide eylind«i% aa Iba ; 
peratnto of •team rise together. Tiiii ia T817 oboorvaUt n 
uriii: rjf i!k- stow diagrams alre;i'Iy il„'ur..-il, wj:..ri.- wo find io 
the aaiiie diagram, successive eoniprcwtiau-liues of difierest 
elevation, indicating different df>greea of condensation. Tho 
diagram ig. 14S, froB OL Bw Mo. ISS, furnisbt^ ;> striking 
illattratko (n potnt. Tilua atadow speed, the < ; niiK iloa 
lines, 1, ?. 0, Wi re <!, f ribed successively during three revo- 
lutions of tho wheel, showing reguLirly less condeoaatioa, 
ihongh all of them very far brlow what would have botadM 
toaeiMulaiithighttniptrataioof qrUadar. Tito dii^pHM^ 
% IQH, froai tbo Orion, ilww a qniekor aMcdt of tho con* 
pression-line at the higher speeds, of '?0 an (I 40 rti'!"?. thsu 
at 18 miles per hour. In the same way, in the Nile, fig. 
107, and in the Brindley, figs. 99 and 100, the line rises 
much lata at tbo lowootipeod than at tho bighorapoodib h 
thcoo flaMa, tiio nwro rapid aaant of tho Ifaw of aam p i^ 
sion at til" Iiij1.tr {tpccds, is doublt«!<> the rrsuHof khttlw 
cylinder, l>y which less steam is condensed. 

As compremoa ia iadependent of the sleani-preosure 
during adniiioion, iioacaaionaUy happonsi aain|ig.l46k tbat 
the comprai^ taiaia tho pio ai tUB akwi tho kvd of tho 
steam-line. The culminal-ii:; ,i is olnimi-lv n-'i li--! 

at the time of admission, wht ii itit.' pmaiiri:^ llius artiiicuiiiy 
raised, is rritorcd to an equilibrium by the commnnicatioa 
openod wHh Ibo ittaovdmtt and tho pcneil &Uo to lbs 
ste«m4ino> 

Cuinpreasion is regulated in amount by the total preasam 
of the exhaost steam at the point of closing the exhaust, 

it n only the steam st( I0-I..1I nji tlmt o\|ierienef* com- 
preasion. It is also, like expansion, in genend indi|i«Dd«Bt 
of speed, OKOtpt as thii i^eeta tbo aaumnt of bntfc pi taw a i 
of oihaaat. Tho fariatim of oonpmoion, bowev«r, as it 
depmda on tho Mat exhaust preorare, is of eonrae much lsa> 
than tl.jt of till' Hiilii'-itf.l !\::;iu><i. For I'Xiiiiipli', with 
3 lbs. and ii Ibt.. »f c>;tiau«t pressure, iti« one Iwnv iho otit^r, 
tho con)pre9.<>iou operates upon steams of tho total preasores, 
18 Ifaa. and SI JIm., tbo aooood of which it only oao-ttxtii 
than the fint. Tt fellawa then tiiat in feoenl tbo 
ri.'s;^tjrii',i (,f ooini'rf sslon Is lu-.irlv tlic »niii« for speeds, 
though it rather iucrtwea us tiio sp«vd ri»esi and for this 
iMtwaat it is indebted mainly to increaoo of bath exliaurt 
pranmni and partially abo to tho batior pmn laliiwi of 
thoattamlnoyKnderttooDaeoiitONthottor. Ani 
of tlir ,|-;v.rnim. fr-ni t!u. t^reaft Britain, wQI 

U!..ir uuilunuisy htru ubinrveJ. 

Finally, the indicated compression depends much on the 
total cUiuanoo in tho cylindot and ttoan-poft. With 
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• dearance, the mmpr««iaii>liiM riiM awn rapidif , M 
til* mlume by eomprtmim it mm qvlddj iwhiMd hj tha 

reaction of lUa pistnn. 

The period of pe-adinisoiou has be«n, in th« foregoing 
lamarka, classed wilh that of cotnpreseioo, tivi-auj^D it is eoin- 
pandnljr iboft; and, liMidM, ttw action of compreaaioo 
lodgas ft body afUgb-pmnra atuHi io tha patli, whiA, in 
well-ordered enginefl, with small olosrance, goea far to aipar- 
Dcde the pre-admission and render it a practical noUittr, 
particularly in c»sog of greater expaiuiou, win ti the eora- 
piaiaiim soiuiaoeM awriiar. Tka aetiim of strain on it» entry 
inta «he ^UbAw xt fM bittoaiof «f tba stroke, Iiaa already 
been consideroJ in tba thild ehaptM' pwaadiiifr is whiab the 
function of pre-admiMMO ii idasUlad «Mi tta* af IwiL A 
further c rK^:acr:ui(Mi af Uw ow «f p wtdwt i itM it tbere- 
ton aa^fluoiu. 



CMopreBaion-rettiUDoe; of which the Utter has cUsurly 
netbing to do with tb* Uwt-pipe. With aueh miiappre- 
banaiaiMaf thaajwiitiaeiael tba blaa»-pip*k firamwhioh 
!rreI«Tut nlaatioiia bsTa bean mda on th« aeatUoaaa af 

tli.'it important functionary as u prutMntor of i-onilniFtion, it 
is oiilv necessary to gauge tlis pressure dimcUy at the blast- 
oriG<!<>, u< '1i w that uuoh of dia naiaUnce in the eylindar 
ia lafairibla to tha cwtfanUd dimwiiiemi af tba akMHwya, 
tba 6tetlon of tba ataam on Iba amrfbaia of Ibaoa 



CHAPTEE VII. 
BuM>>1*uaHmn, 



Uunr erroneous impressions prevail on the subject of the 
pmniw in tba blaat-pipe^ ita aaoso* and conaequences. 
Mr.Phrina, abant IBM. ooMfaidad Imn a (Mr liailad aiperi ■ 
roents on a sUtiouary engine, (hat the Ma i lt p n an aM lariod 
•imply with the pressure in the cylinder, and was inde- 
pendent of velocity. M. l':iiiil.Hiir. m IHjIi, cdiipIii'I'. iI from 
obaarrations of the pressure existing at tlitt ba»e u( ilie bla»t- 
y^ai tbat this pressure Taried directly as the speed of the 
pinon, diraetlj aa th* total v^ariaalion far how, and in- 
venely as tlw ana of tha MaaimrHiea. Hut aonelnsion 
w,« more rational tliaii fluti lA Mr, Pai-kr-s, tlwu-li ii.ised 
on experiments of very limitnid raugs; auU bMtti<^, the as- 
anmption by Pambour that the presanres so indicated were 
OKclnsiTely and entinlf tba mMauaa of tba bMfc pmaaiaa 
on the piston, was {neorrael, inaomdi aa, in tba fint {itaaa, 

aome proportion at liajst of l)Ust-|iri;*«i;re <iiu; (i> llif^ ini- 
tial pressure of the exhaust steam, n-'U-asc^d during' tl;i' st^ain- 
atroko, and saeODdlj.itaoold be no gauge of the baik pni^aun 
act tba pialan, ii avail wan it da« to tba badi pn^ 
an* it did not {ndtida tba naiatanc* to tlw notion of tbo 
steam tliiT>ui;li ilie piL^sacji,. MM.CIiJiin and Lecbatclier 
were the tirsl to puiui uai, itt ihau Hxp-.ruusntal Kcsearches 
on Locomotives (1847), the distinction that is to be made 
between Iba hack pnainn on the piiton, as expresaed by 
tba indintor, and tin p t aaantt in dw bhat^ipai. Mr. 
Bourne, in his Catechism, 1848, has apparently fallen into 
the opposite error, of supposing the back pressure on tho 
piston iluo fotirely to blast-pipe resistance, wli^'u In- n'ates, 
tbat at high apaedSi balf tho aogiiw-i>owrr ia dissi- 
poted opon tba Utat-pipO. TU* if aa anaggented allow- 
aaaa^ even as back pressure, and it is probable tluit lie bad 
aarn only tho ^neral table of movinic; and reaisting pressures 
OOUtAincd in the Fr..ii'jli work ulvjv'„> nutfJ. Mr. l{i.iiri:ft is 
not, Itowever, alone in this mode of estimating btast-pr«.>6- 
•on^ aa wa find Ur. Sewell, at a later period, in bis paper 
« triHHNaiatMMt (TraieoU, 18M). while oonatnotia; 
lua fbrnrala Ibr tha reitataoea of tba Mast-pipe, aesomta tho 

total liucfc prcisuro on llic [ii?loii aa Llast-pijiu rc b'lL-tiitiiv', 

damping together eilaust prsaiurc, properly w called, and 



resistanee off- rf l hv water ninl co;i.lL'im-il (•tfain. 



The instrunit'nt cnijiloycd by tho 
Mthar ibr this piirpo5(>, was an ordinary 
maranrial pitgs A, % 147, aaoocad to 
tboaidooftlbaanMlw-bBS. Itamwaled 

fif a i;l.a?? ayplion, tV inch bore, open at 
bulli ends and tilte.l with a stop-oock 
and a ) inch hrrm tul>e led through the 
aida of the ebimoey and dipping one inch 
latothoUMt«oiilea.aaat«. Tha ori- 
fice of the tube was beri>1M off on tho 
outside to a knifc-edgf, a" at Ii?. 148, to 
receive jiroHauro ni \'iur\y \ii yimwh, 
nod to reduce the obstruction to tbo 




n|.l«S..-l'iUlil«e. 



OnSMrfO*-, 
Tub^ 



The blast-pressure was thus 
gauged and read off on n aeab gndnatad 
to measure quartar fateliea of tbo mei^ 
KMit-Trtmm 0"^ curial oolumn. The tul.i! inviri:ibl\ i;oi 
filled with condenied (team from the bhwt, tlie weight of 
wbiah acting on the mercury affveted Ita bf«l in tbe gauge. 

Tba nmout of diatnrbavae, *0MBlant«uHitiliy 
for aaeb ease, waa noted and daduotad aa noon- 
slant (jiuiiitity fi nm the indication?, t;j yii-ld the 
true presiiuro ul the blast. Though the impulsr 
of the blast agitated the mercury with consider 
abia nndabAiona, at thj alow apeeds, yet, at all 
ordimny ipeoda, tbe indienfiona were perfectly 

ri.-;idiil.ilc. at tin- a^'itAtioH .-uli^iiJod into a nu fi 
treiiior lit tlic i<url'uci-. In rp< . i:ii cai«, when 
it was deairablf to obiirre tiis mean preissure at very slow 
apaada, tbo nndulatioiM ooaU be rwhioed b/ throttling tbe 
pam^ Ij tbe atop>eo^ witbomt nIbetiBg tbo intaii nine 

of tliL" indii'atl.;ii3. 

liy ubMrsii:;^ tlie lilLil-ptsasura simultaneoosly with dia- 
grams taken from the cylinder, we obtain by a fe^v *ingl>> 
ohaanrationa tbo dau for finding in » dinot nwtuwr tho n- 
Intion af Uaat-pnaaura and o«apontim,<-n qvaatiatt wUdt 
by Pambour's indirect Diode of observation, unaided by the 
indicator, could only be solved, and that approximately, by 
continued obecrvation over totiir runs. Tim in li.-atod llaat- 
pnoran^ it muat not bo oradookcd, ia the mean result of 
two eotrtinnooa diaobugti af alaaa lltDB tha^luidan alte»- 
nat«ly. 

0/ tit Injtufnet of Brhatut Premire <m Blatt-Prmmr*. 

— The tiliaubt pri-sf uri> ul tlin puiiit f>f release, as it is a 
measure of tbe quantity and (ur«e of steam diacharged, is 
the most proper datnm for comparison wltb Miat-prDsaure. 
It baa baanfmBd tbit tbo back asbnat pnaant* ia tbo 
eylindar wriaa afanpif aa tha preaaore at tlw reTe«B»fmnt 
It is thus probable that th'j l:i]ab(-pri'*suro (iil a L'ri.-atJ i' din- 
j tance) ahould ntj in the same ratio. The mean multa of 
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confirm this iaftnaoik and u » 
■■■(It «C tiM wAlmt, wo may quota IIm ftHiMiiiig fton 
a IL lb. all Mm in tlw «Mnw «(» ainil* trip. 



, Xi.i-Ki;i.\Tii)S or iii-\sr i'i'.E«i!RE TO 

rKESSCH£. C M. Nu. ISl^ln Moicn. 
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Eadi of tbw* b » umb of tm oliMimlioin ■! ttoxiy 
eqna] speeds and exhaust presBurea, and it is plain tliat thf 
blost-prcasuro raries virtually aa tlio pressare of exhaust at 
ibe relpase-point. 

<yA*Iiifiiimi$^^mi m JBhut-Pntmni—ln to iar m 
tiM «l«*atloa «f liw nnnu7 ia duo to iba intarraUUnt 
nnpulses of the blast, it may b« oonreired to bo directly »f 
the frcxjuonoy of these imf>iilw!>, or as the speed sinijily. 
Hwdi of it ta dapcndeut > . u tha ooatiBnoaa aqmliioii uf 
naidmij ataaot ui4 ia «o for it Doat ywrj M tha aqmro of 
tho apewl. Tha aaparior iBflnanea af tfia lattar appaan 

frr.ni llic f It.nriii:^ observations srluctod to iltastrate the in- 
du»ut;<3 uf sipc-tU. The last column conlaios the blasl-pre*- 
aares reduced fur a mean unifonu cxliau«t pressure at release, 
tha radustjoiis batsg mania acoocdtiif to tha hm tliat (ha 
Uaat-|naaaBra ia ^netlj aa the nlaaaa-piaiaQra. 
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la «a«li aariaa of praasana iu tha laat catninp, it ia clear 
thai^ auapt in the faul aaaa^ (Iw htaat-jmanra ri^a very 
■syUfy with tha apaadti Tbrawinf than intaauvMjii tha 



Qtoal way, we obtain the foltowlng rMuIts, fi^. 149, for tin 
re*p«etir« examplee noted. Tba laat caaa, of 



"a.1* 




leoiiii 

Ml 



MaSiik. 




llh Dutcli, lias l>«eD oiuilt4<d, as the daia are inaufiacieotly dis- 
tinct. The baso-lines ountain the speeds in inilas per liciir, 
and tha perpandieolaraexpnaa tha Uaift-piMMWM ia iukm 
of AIT tha hat Oa aaeaad, folimr thabs 

nf ilii- v.irintliii'. of I hist-prr-.tiifj a« tliL- .-^ijuarf of the spai. 
ttict dut-curvo ia th« woond is cuusiiucitni on iLit 
but it is plain Uiat the true curve is flalt«r, and iiidi«stw« 
law of variation inferior to (ha a^iMlil* o( tha apM4i ^ 
superior to the speed simply. Tiw othar e aa w a aa JWli^.' 

harmoni:^!' vulli the law, tliat it may be inf'-iTcil c^n'flUr 
that the mean pressure at the Uast-oriliee vaam u iIm 
sqoara of the speed; tlioni^ amwainnally (in expand c.ri^ 
ders) tha variation doaa aoi p r o a wd ao rapidly ; bat, ia il 
caies, in a mneh higher ratio than the spee<l simply. 

CoHlfnirafirt- ViiJuii or' /Hurt- /'r, f.mrf mid tl't PrMtl 
of HxhaaM. — To eutnjiaie lltcau prc^ur«« directly, tkf 
former, indicated in inches of mercury, must be reduefd l* 
pounds; and, as SO inches of manai; hnlanaa 14^ 
pri'^^ure per inch, we shall adopt I Ih. af pressure af M 
('<]uivnlent for 2 inches nf mercnry. 

The mean blast-prc«sure, as measured by th« ^'a4i^. 
suits fron tha nversge indicated pressure of exhaust is 1^ 
cylindeia, ascrtcd from tha i«lia.'«e-point onwards la <^ 
point of eompresrion. In «*eh cylinder, usually, • 
a perpetual <'\i..iii-t. a> ilif v.ilv<f no ■ n<T rlur"- tli-' 
haust for ouo cud of the eyiiudor tliau it openii it fef 
other. Then an, therefore, two coottant «d»aii«u is 
operation, yielding jointly U»a bhnt-pressnre obsirM^ 
Kaeh csbanst is derived frem a series of explosibnsitV' * 
thcroforf vatialil in inh-n-'ity. Tin- varin'inn in lli-^ ''j''"' 
der ia indicated directly oa the diagram, mngiitg ifi" 
[> ream re a* relaaaa to the lowest back pressnre, aod tlii> ix*.' 
be otherwise repnsH'ntcd as follows: Let the line a»b»'^ 
centra line of the engine, and the oirele a a, the pidi(f^ 
ctaiik. Tkiaeiniianmjr ha adapted for n ideal I ~ 
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BM^ffW vlikh the exbanst pretMN Aai uiaU thHmgboiit 
«H ie«<l«ili>n may b« roprtMUtol T« mAmI N«. 15 dlft- 

praiii fnicn tlic G^<.1t 
Britain, lor iliastriliua, 
difido A ■, iif . 1 50, into 
M pttib ineitM 

and diaw «ib 
(lioatea to meet the cir- 
camferenee. Aasuniing 
the «rank-pin to move 
iR ^ dination af tb« 
wmri ttu*. M til* n- 
hiMiet (:ii«i:h al llif 20lli 
inch of thtt sUukc, Lliu 
point a, mhfre the 20th 
otdiMt* iDMtaUit eiKte, 
h tfw pga'tkm «f tli* 
cron'.-|tiii at tli-^ time of releasf fcr tlio hack stroke; and b, 
diftiiii.uically oppotiite, it the po^tiilua for the frunt alroko. 
From Umm ftiiHB draw radial lines to e and d, representing 
tb» rtleaw-pMmm, 4& Um., oq the diagnm. Simiiarly, 
from ilia attdadf Iba alfaav dviliiiaitca fsr aftbli adaoaailTa finch 
fif fllrilip, c"i-nmn!j within the «emteircl6 a Aft, draw radii 
ti^unA 10 the iiure«8aivo exhaust pressures set forth on llie 
diagram, terminating with bt, the hack presMiare of II lbs., 
at tba paint of eoiD|iiaBiaiii. The curve tnead Uuoitgh tiie 
axtramftiaa of theae radii, will repn^nt the adtamt pres- 
sure for half a rerolution duo to the Lack end of tli-' 
der. The tomiinatiuu of thin curve at «, coincidt-a vtnh iha 
commencement of the duplicate curve of exliauat pressure, 
d/, for tha front stroke; and it ia elaar tbat the pteisara of 
ttiaaut, €t»agh perpetual, la abrnpt and tariaUa. 

To ri jin sent thia pressure on a straight atmosplu i ic Trio, 
we may eoneeivo the circular line a B to b« unioUed flat with 



tlia vbok ana of fitmm nag ba tknum to on* aida of tho 
l<aa1hi|, ■■ tn H|[ 1 lilt tn wWf t tlw uniiiwil m fww Ilia awnnil 




iti ordioatcs attadiod. Tlio diagism then assumea the ap- 
pearance of fig. 151, in which tho base line aba' ia ei\aal to 
the circumference of the cirrli^ a n ;ii the. iMcvimi* (i:;iirL'. 
and npaaanla tii* path of thA erank-f In through one re- 
voh^MU Tho odiaittt Mag imm from tha poiato 
alreadr found (or them, and connected by a curve, tho curve 
eo enclosed shows the exhaust pressure on a straijjht base 
line, for one cylinder as before. The curve of exhaust 
prainu* for the a^gjUworii^ 4grl>nd«r, ia of eoBiM 
ofdwaniebnB; aBddntiPoiii^hoikoiiitoaijatBdjroii 
opposite aides of the baae. An the cranks are set at right 
angles on the axle, the release-pointa represented at d and e 
from one cylinder, must occur at equal inlervali between 
thoaa from tho otlwri and tiMr«ii»«,tlio{Mur*iflaaiQiu that 
a«m ^ibg «■» imtaliaB dmU ho itacad rtoival ilitor- 
tab m tha how-lina, m ia <g.Ma> T^iilnpliiythadi^lfiai, 




aylSBder ara superposed on tho <nt aarioa, and s henry* 

lineJ <-urv., 1.1 traced over all to show thr eltiinp [ir(«»uro tif 
the exhaust aleam from the two eyliodeni daring one revolu- 



I. 





















v.. 







lion,— deduced fwm tho diagiwn Ho. 16 from tho Great 

HriUiu. Thia fi-nr-^ dearly shows li'^w f;ii- llio joint pieo- 
aotea of eshauat may ba reduced to a uniform torce at hljj^ 

MaiK 

I 







iipeeda, approdmntim the aetion of the Must to thiAof ft 

steady jet of steam. The joint pressure in this eaaa new 
falls below 21 lbs. in the cylinder; whereae, in «gwe 1S4. 
uliowing the joint . xhniist jircssure in the same cyUi .1. r;', !it 
11 milaa per hour, drawn from No. 10 diagram, and i>iv- 
ieeted dot-Uning on f|g.l50,— we find the pressure dcve- 
loped in r ur Ji^tinct jcta, each of nhieh ia iaolatad from ito 
.neighbours, and is thoroughly exhautid hoioM tho l- 
iuc MfctM takia placfc Iha Mlowla( <gnra 16^ ! 

JI*.1Nl 



















1 







in the same way the ordinary blast of No. 73, C. R., at 30 
milea per haur,atiU mora ohfiouilf daolarea tho appnnumai* 
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tim of tka Joint abaait U» • vaOma pcwnn at lu|^ 
■pMib. TfatM ataMtaliau nfbm, <m llw ImkJ, tlw 

ticar ''sjiit" of a w<:^■^l.^■^^^ ftitrinc «^th Urge port* Md 
an eaaj orifice, prmlaiiuiDi; a r.ipiil and iliicient exliauct; 
■id ea tht other hand, tho throttlt- l iiU of ofllllNldld 
■iMnur^ diltnMNd by d^wwt liioMiiiioiu. 

Ttw to liM 4nim in flgfl. m Mia lU, |NmM to tlM 
b»v--liiii;?, irnlir.itu l!u- ijie.iii cxlmusl prc-snrcs in ih« two 
cas€i, aiiJ uitiaauru rtspoclivel y lbs. aud 1 1 lbs. Thua, wc 
perceive, in the latter case, a utrong power of exhaust, i 
tU» «r mating m Uist witlignt buk jtman. A few 
nmilm of pnpaitioad yJbm «t oihnrt miA Uast 
pnwuiw, wr» ewtaiiwii in tiu SaUoniag tebla:^ 



Tin* iiiiMiDiirAiaaoN or BunmnMiii Aivm 

•WHOM naWMt OP KCHAusr m ran mnnmii. 
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lu tliu la&c uf No. 73, the insignificance of the blast-prcs- 
wro in respect of the mean exhaust, i.i striking. For 
aiam]»lii, on tba atMinil daj, » auau exluuut-pnaaara of 
19 llia.lbr«aa ejrUndar.daaa mtniaa aliOTa Silba.«f lilaat- 
pressare for two; nn the third day, still Irsa. No. 1S4', 
yields hij^her valucj^, with 12 lbs. mean preasnre, in each 
cylinder, it yields for the saflW apiad flf piatan fkoD 4i to 
9 Iba. of joint blaat-pcaiaaK. 

AgiAk, a ODOipartam af tha UaatF|ifaaan« vtth (ht aimpla 
h*e]i i)r>:'S<!iiri:- of fxh-nust, will abundantly provo linw in.1iki» 
tlu» " rcsieUnct' of Uw blast-pipe " may b« to tL« t^tk pi t-v 
sure of the diagram. While No. 73 shows back pressures 
of 12 moA IS Iba. tba Uaat doaa not in anj can riao above 
M Ibo.. and ia aomnMnlj b«t to -Mi tS tba otbar, 
roL-ldJtiiiig pven for one cylin^ir (Jiily. On thr> other hand, 
tUc bb£t ijf No. 124 is much muru t'uriuiikblis in some cases, 
as io No. 6 diagram ; being nearly equal to the back pm- 
aoia fmr ona ojlindar, and in ftoeial fallj «DO-l>alL 

It waa ob a wwd . dam, that daring tlia asparfmanta with 
tbeOriwi, E. .lud O. Tl., thr M^t-prfssiirc ivinairird .ilmoM 
unaltereil at about i lb., wiiile lliti b^ck pruisuru raugmi from 
about 8 lbs. with foni water, to nothing with clean water in 
tba boilar. Ibaaa lamarka ara aoffieiant to abow tbat tbe 
mirtaMonlllte UMt-anS«awBatitnti«biit»pait| and b 
mapjr aam n THj anall |Mt «C tha told iMck imaan an 



the piston. For tJii* cuiielui>jon, iwk verifiutl hy actual ti. 
periment, we should be quite prepared by th© investigations 
on back eibaott-pcMSuie in tba ilUi ohmptar. wboca tlw 
ioflnanea oP *ariou <iumnnlaa«ea wan aat Ibrth. It «aa 
there inffrrr ! fliat the influ<-ucri uf tlje blaat-area ba. ; 
prcMuro is seniiibly nothing when it exeo«d» tbe area oi 
steam-way, and only opetat«a whan it ia annllcr than waj 
oibar part of tbo asbausting panag>^ Thin wll«IaBion aba 
is terifled by tha blast-gauge; forva ahall And tluM h is 

r.frnltv in tbe i-.ietb nf llic HniaHr'it i.rjtlri; in proportion to 
thi- ■ti.jni-jinrt, that ilm impoi-tai:™ al bloat-pre^sure is 
gTi:it. >t. riiu!, in the fuliuwing table eontainiti^ ibo mean 
rendu of abora n haadwd <^a«aatioii» it np p — i* tiMtt in 
tba Haba and Ko. 1H in wbieb flia Maat-orifiea fa daddadly 
smaller than tlie Ft' .nii-purt, tbo tutal b!j-.t-pro.-i.sure is about 
one-half of titv Wk pressure io each cylinder ; whereas in 
the Orion and No. 7S, with wldw Otiiea^ tte proportio* tt 
bliot ia aaaaibl/ amalL 



TAUS Ihk XUV^-KUH KAT10S OF Bl JkBT 10 BACK XZaAUtr 
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Tt IB nnrt I'l s?arv to pursue this comparison further. Wa 
ouly cuii'-irutd in showing by direct rxperirneat tha 
fallacy of charging blast-pipe reeistauco, without limitatlH^ 
with ail tba liaek pramm tbat oaoon ia tbe ejrliader. 

Bieamrumii.— 1. Tho pnaanra of tba bbat^ ga i yd 
at the iirifiL-f, is devfli^f-i! in j4i!'..itiiii:s, dne to the alternate 
dt^ili3r::t'3 ut steam from tMi liuJcis; eLarj) and isolated 
at till? ■■^bmcr apatdl^ and sensibly uniform at the liigb> r 

2. Blast^manra ?ariaa diraelly aa tbo «dianat-preaure 
in tbo ^finder, at tbo point ofniaaaa. 

3. Blost-prcesara wiaa^ gmanDj, diiaetlj an tha aqoM* 
of the speed. 

4. BiMt-pressure, gauged for two cylinders, is ia all 
eaaea tnoeh smaller than tho mean oshanat-pnaMua oven for 
onaeurKnder. Abo^ itiabanawaoanallertbanofaBlha 

back prcs^uro of <.'xlj.iiist alom'; ujj<I in I'.ises it fotflit 

but au .liiiyuilicatit ^l,'icl)u^ of the back pressure. It has 
bt«D observed to vary fromiVth to fths of the back pre*- 
anio in each vjMaAu. Illaat^pa laiiatanea, thanfora, eim> 
etltataa bat a part, and emnnoiitjr bat a yvy anuU put* 
of (bo obs' rvid batk pn^suro iu tbu cylii.Jrr. 

t>. The uWofvaliun af blast pi'tdsure sbowa tbat the in- 
fluence of the area of bla«t-oritjcc on back pressure is sens- 
ibly netbing when it oioeeda tbo aiea of tbo ataam-jportt 
and oily aptnlaa M n aanaaof book pmaon whan it la iNi 
tbati WDj othaf part of tlia ftMDit^''y paM^^a. 
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CHAPTEfi VnL 

fiiuiivB Fuunis w SnuM in tsb Baan^ vu Talti* 
Oamv Tu Ciunnui. 

Tn qilWtioB of relative presBurca is of important chiefly 
M H affecta tha ftcUi^ fiw raoi^ with hmrj hoAa at 
high apeeds, and Iht vadaqK ik tte ma tiiM irith high 
Wkat«i«r til* atMBiliig psiNir «f fh* 1i«a«r, 



tha liwt to ipaid magr ha impoHd b/ » dafioMOo/ in tlie 
prt>portioiH of the aUm-pMiagM fcr tMnniltim tha ataMU 

to the eyltnJt-rs witli the necp-fsary celerity; and this would 
imply the nraassiiy of worlilug the engine with a Urge pw- 
centage of admisaiun to yield Uie reqaired power of traction. 

XJba Mnwiig an dimatiaiaoa of tiM aagiDes whieli hara, 
to ow InawMga, taoi Mbjaalrf t* ohivfaiiau «f fdatin 



I tma KHTScr to tob relative frkmi 
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Stmkifim tkg Gmaidir.'-MM. Qaain aitd le Ohatellar, 

in 1844, were the first wlio tii.hIi' oli^i i v:iii(.:i-i uii llio re- 
lative prceeures. In the UtiauJu iku uyliutltim »cre tntide 
the smoke-box,' and the regulator was placed in a small 
doma daaa bthiiMi tha diiamaj. Tha ofaaHmi directed 
thatr attantton feat, to ttia atmnltmaoa pmautaa is the 
boiler and i-ylinJi-r during- a Iinissljii, and the inllaence of 
ttir- rc:.:iiliitui i etcondly, to tL« prausures in the boiler and 
v.ilvi'-i'lust; tliinlly, to the pressaree in the cylinder and 
valve-obeati fonnUy, to tha infliKBta of prioiog on these 
pnamnaL Tha fidlowhig table eantoina an abitnet of the 
observations. 

The first part of the table shows that the pressure in the 
cylinder is iu idl cases leas thu tluit in the boiler. When 
tba nigahitor wu jaat opao, tha bImhb Jbond ito way into 
tha eylfndar, and at IB nllea nadied a pNarara one-third 

of thti'. in lIi'J boiler. An ir.creaec uf op^ii.ing rro^ril the 

pressure in the Cjylindar, until wlii^u it atiiuuuu-4 Ut o-5H 
h i ah aaili^nHhaotftltiyyad of 28 miles, the cylinder- 

pnama ivaa ta • Bnuiim of 60 lbs., S Iba. leu than 
tha lM>iler>]imaiiTa. Addttiond opening did not (luther 
facilita'.'i lliL' flow of .stfaiii. 

Secuiidly, at 29 miles, iti the second part of the table, 
the prcssufa in (ha aiiaat ntlained its maximnm relative to 
tha boilM^prsasare, with u apaning of 8*52 inahta, whn it 
waa 42 Iha., only 3 Iba. I«a» fbia til* MbbfiMaan. In 
this series^ tha wa(ai4*nl waa nnintabiad higher flian 
usual. 

Thirdly, tlie eyiinder-pressare, at S9 luilll^ waa € IhBi 
lower than tha pnaanM in the chest. 
Fourthly, with aa axlremely high water-bnil, abor* the 

top of ttiu L'l.i-'S-gau^'c', ;ini tlu' n-i,'ula(or v'k'w open, the 
means of the (juaulitioa in the last part of the table are aa 



1 1 »lbai «|Ur ] ilia, dwst I la Ha. 



Fiaoifhiaw* tod that tha diflitianea beraaata ftwn • Iba. 
with ardinaiy atoan, to 1< Iha. with imry prirnim^ hatwam 
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Iha ^Gnder and tha eht«t; and from 8 lbs. to 25 Ibe. 
twanthaarlmdcrandthalwilnc. Thotagnatardiffiwaaoea 
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are plainly due to the greater re«staiioe of paasag^i to the 
motion of atoftm whoD charged with water tbao when drj ; 
and Uiia tombMloii ia aiaply aoppottad b/ aoBlfgiMl MMi. 

FiftUy, it liwiaf Im final dut «b« loimt dUhnoMii, 
at ardiwHj ipaiJii an » folk>w: — 

fitMm in OTiliiuijr coDdition, ... 8 tlx. 0 Um> 

Stetat ebarigoil witli water S5 Iba. Vltlm. 

tha ^SerencM between cvUndvr and chest are from three- 
fourths to twivthirdi uf tlis oth^r; and in [:ciural it WM 
oonciodvd that one-third of the total resiatauce to the motion 
«f Am ■IMIB, «H 4m to Ihi pMMgt from tlw Mlw to ib* 
chast, kmI tlM Nnuining two-thirds to tlie steani-paasagea 
into the erlindera. I( also appean that heaviljr charged 
etesm rrq ilr^ s nboot thm tiiBN tba f nmm abasitod by 
ordinarj steam. 

Bemltt from No. 79, O, TUa angine is of the same 
g^nanl diDwmioni and tRaaganiat aa tha Oimadaw Tfav 
fMmmg an tha maan rerolta of 50 ebaanraUma anda 
during (he second and third J:iy!i ot* uur onj^a^oamt vitlk 
this engine, as already explaiaeJ, mili', 8'J. 

TABi,:-:, Ni-. XI '. :i -!',?:: at;v-,: [.:i:.-s->-t,v, rv ^ j. -x 
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Chaat diffenyeaa of prnaara am bim ahowa to be t»> 
falnd at eadlaaij apaada in aaadiagthaataaa thnagh tha 

The results for 3(i and 38 miles are the most 
[luiucicu:;!^ supported hj observation, and in these coms we 
have a difforeueo of 10 lbs., or one-fourth of the indicated 
prearare in the idieal. At 43 milaa par boar, w« obaarra a 
diflaNDca flf 16 Iba.,, «r onMhifd «f tba aaaalM* piataan in 
the chest. Even a sUirting pace, 2 or 3 miles per hour, 
creates a diffcreuoe of 4 lha. Such decided diflerenecs are 
owing for the moat part to the dainjjiu-ss uf the- ft'Ltm. and 
it ma firaad, aa ahtcadjr remarked in the chapter on extiaust 
pnaaH^ Aat with Ml water, a naaa af water, equal in 
waigbt to 92 par cant, flftiia atoaibla attaa, |Maad thnminfa 
tbe eyloiden. 

As the openings cf tin- rv^iilator of No. 7:* wr-ip ni.t 
found, the boilar-prssoures ore not given in the table. Thejr 
wwa^ howavar, at dl tiroes as mueh auptilnr to tkaia af tba 
ebNt, aa tiiaaa van to tha c^tindeckpnRaBiaa. 

Stmbf firm ^ npidar Bitgiim *f lU CdtimiM SaU- 

tray. — Tiie only one of these subiiiitlcl tu Jot.iiltd fx[>"ri- 
laeut, was No. 41 Paaiei^ger Engine, on tbe Ureeoock 



Kailway. TUs rB^ulalor is placed Ofer th.j fire Ik. x; .-.i:.! 
the steam is drawn from a doma pl^wad direct I y aiovc. '11. 
liiiUowiiig tabia oentaioa tba afei^ laaalti of abuvb 70 ah- 
aamtiaiia aada dniqg llnaa tripa wilh ardiuory passenger 
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The difl'erences at the slower speeds aru muck smaller 
than wee* fonnd with No, 73, but for the higher speeds tbey 
an naaii nan nearly the soma. Tba diffamwiaa at SOaad 
40 aniiaa ware rery rr<;ularly abont 8f Iba. and 18 Hia^ and 
wore amply ctJi I firm rd l.y (..li.. i vailfti. 

Diuijig the experiments with No. 41 orar the brake ai 
Gnaaaak, tha blbnriqg taaalto w«M ahtaia«d^' 



TOBM. Ha. zuMonAtm nmammo. «, «. 

Ipfwsiies or Ttn Rxsouto*. 
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It appears, that the smallest opening r< o. r l. l«sa than 
uue-third of a nquare ineb, parses steam sufGricnt ta hai|p 
tlie engine going at 2S miles per hour, with a prMaoi* In 

the cylin ii 1- uV ut < no-firih of that in the boiler, un h r thi 
2d neteh. It if obvioas too that, in general, the diUerence 
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of pr«Mor«i in the I'oikr and cjliiider mcrMiseij with the 

Al^D, it kppi^ars that th« sliorter tbs ailminion, the 
•ntlbr (s llw o|i«niiig of regulator reqnirad 6r a giv«n 

picHsure iu tlic cslitxItT. Tliis wi- iiifi/r fnim lli-i f.i"t, tliat 
with the tame a^iuv.z a'nl flpeiiils, tlie shorter adiuissions 
gin the »ina)ler perfitiu^t* i>f differaneBS. Thus with an 
tpa&ing of 1-87 ioobw in tha lit, Sd. Mul 3<1 noMliea. we 
t»d. the prnsiuw M Ibliiiw:— 

Soteb ao'inph. « U)a!l« lb*. tt^ToTsl per cent 
M ^ a » «lfaB.MKt.Mlba.«r« » 

The radHetkm el pnatuM it muck grtatwr in tha l«t 

notch than in the two othMi, and tha g;fMtrr percentas* 
for the 3d than for the 2d is exptained by the higher sp^d. 

GriAiti r ilillV-rriii.Ts of i.ri-s?iii-iv^ in the cylinder and yalve- 
diest are shown iu this tituii irk the previous table. We 
find, fiw eotaaiple, 25 lbs. of difli-rence uoi!<'r tlit> rnt^h, 
■( tt nilai per koar» whioli i* donbla what is fouod iu the 
Mhit Ha M. Tbii, we aonrider, la dae to tin deialtory 
moiio iji which tJte engine waa workeil over the liraki.-, win rj 
the e^liader ranainad in a lulcewarm condition, and greater 
teok flaee tlua under the ocdbMcj mrk of 



FHTsiaiiOOY ov zAooifomta los 

1Sl\:'..\:. I.-UELAT1VE PRESatJILES IN THE GREAT BimiW. 



It is well undenlmd amon; the en<;rmJH«era of the 

C;il..ilr.iiian railway, that at the ordinary sprels of tr.itas, 
the cylinder receives its maxinium quantity of «tt)iun, vthen 
tbe regnlator-handle is *' straight up,'' or half open, yielding 
IB opening of 4 aqeara meiiai, odIj eae-fowtb of tha a««> 
(ioml lie* «r the atetm-pipo. TUa «v Itm (raqaeotly 
verified; in one case, with No. JJ??, C. R.. at SO niilf a per 
hour, in the 6ch notch, catting oii at 'i inclies, it was fuuiiiJ 
that with 4 inchea of opening, the preaaare in the boiler 
beii^ 85 Ibe., that in the ajUnder «m 65 Uh.; ud (bat 
WKj estt* optaiufr of tlia ngnhiter did Ml ifpraelaltly ruie 
this pressure. And tlis highest pressar»> >i*>tained in 
the cylinder with aliout u iuehea of opening, in tin- 3d noteh, 
siippreasiug at 14} inches, at 31 miles per hour; it aniouiitol 
to 67 Um^ while tlwatawiwaa Mowing off at 90 Iba. Indeed, 

liw a adaMeiw orinr » inehMof Oe atnK * 

ia Ibe greatcat oaeful opening; and on no occasion is more 

than S inehee necessary. Again, with No. 124, C. R., hav- 

tii_' [(ipt's <»f ti.e same diiiii iHiiiii'', at 1(! niiltA pn- linur, m 

the Ut Dot«b, oatting off at 20^ ioehaa, wa have found that, 
with 4 indies, the preeanM in tlie cylinder waa 6S ft*., that 
in til* boiler b«ing above 100 lbs., and that a grnttf^r open- 
ing did not raise the preasure. Thua in the goods-engine, 
as in the pai.-t'nu'«r, 4 to 5 iochai af ana li nbnit the 
maximum useful opi'ning. 

JMatiteSteam PitwMr«inll#<gMAdtefn.— llr.GoMli's 
ebaemtlons on tliia peinl «• wuj remarkabln. Simulta- 
oeoniiywttb Ibesteond aailae of diagrams from this engine, 
tho pr«8»uri\H in the .'itoani'i-lie.it ainl Iviiter vslti" ubsLTVcl. 
The steam-pipe m 10 i«et long in the boiler; but, as the 
ateam is admitted to tho pipe by small openings formed 
along its whole length in tlMboilM, tho mean effectivo length 
for the passage of ilMB b bttt «n*|i«U; or 8 feet, in the 
boiler. The felloin^g UtbU e«ntaiiin«hn dwinad nihtive 
prMMiree:— 
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At tlip lower speedi, the prpisun^ in tlir» vslv/'-clivTit is, as 
U'iual, luwer than that lu tli« builur; but, aji ihs ipeml in- 
creases, the former rises superior to the latter, under all the 
Thia ia eontnuy to all ordinaiy ezperienae, thoDgh 
indientna were oaiploTed. Aaanming tbe 
genuinenesa of the indications, which it is as difficult to 
doubt as to believe, the only apparent cause of the (operior 
pressure in thu vaive-clifst, U ibn hit;!i temperature in the 
BBUtko-boz, wliich, operating on the ateam aa it paaaae through 
Che pipa,d«ae bftantaf lha tnbea»iB OaaMunar ahewn 
in the O. W. B. Tank^Bog^, tgaroi in our plates, may 
evaporate any water ataoriated with the steam, and even 

Huroliar:;!} tho lattLT. and raise its ehi^tii-ity iH^fitre it enters 

the valve-ohest. We have bad abondaut evidence, at least, 
to ^«w that perfaetly diy ataaat flMivee tiweagh paaM^ 

with much las effort than ateam charged with watart ud 
the Great Britain, with its capacious boiler and eaey eva- 
poration, h;ii bi'cii I'ljuml by Mr. Ui>i>ch, after rrpcatfil 
experiments, not to be seu!iibly affected with priming. 
The steam, therefore, before it leavea the boiler, is compara- 
tively dry, and ia further hantad on ita way to the dmt; 
and we may wamntably eonoiiva that the b the 

rhe$t may l)i> at Iraat sensibly equal to that in the hu'.Ur. 
Still the difficulty remains of eonc«iving that ateam of lower 
preMnra ahonld flow towards higlier-prEasnre steaoi ; this, 
however, coneiileatljr enoiigh, takes pUee only nodir the 
higher temperattueo which aeeompaoy higher speeds. 

Tli[? pressures iu tin; cvlinJor are in all eases lower than 
those in the valre-cbeat: there the ae^oiaition ef extra heat 
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b trifling. At tlit ttnM the tteun is Duunuined so 
tlwroughlv dry th«t the dilTerenees are comparalivelj tmali. 
Acconlinciv, in the obsi.Tva'.i< us Nns. 2J, 40. 4^. 4;(, at the 
)iii;lio^t jipi'i'il^ tbe prMsuTM in the ejUnder acliudlj exe«(»d 
tlioso in tlip lioiler. 

Xbf toUl lueana of tbe three ptwe uw e uck iKtteb, at 
IIm ad of the table, »how that, upon the whole, the cheet- 
prewore nhcul 2 Hh. hii:lii'r ili.in tin- boil«r-pree8ar«; this 
intimates thai the increase of preesare due to aarcharge in 
the amoke-box, does more than baluM tkt Avian «ir»> 
dimwing at the slower speeds. The mean ejKadw^'pWMures 
•re all aboat 8 Ibi. less than those of the eheet. 

lu-tiiltM from tlu OrUam Ilaifir^vj Enginet. — F t lli:' 
materiab of tlw folbwiDg table we are indebted (o the Ute 
Fnodi wwk of La GhMdhr, ten abttdj uiiiad: — 

TAltL^ No. IX-REI^TH'E PHF^sniM IN TflK run v:*Ns 
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T^lll iliffcrfDco'! of |>rcFflut<\ iij the Inst column, are »<■ 
t;ri;al as tu liiaJ us to liuubl vvliether M. Bertvra, the ob- 
server, has registered the otaximnm, or only the mean 
prMSOMi in the cgrlinder dtiriog ndmisainii. That 1m has 
Miketod the httor, b moit prahaUe from Uw eirenmatance 
that the cylinder-pressnres fall a< tin- p riod of admi-'r'iijii is 
Khortened; whercM, as wo shall Cud, ilig maximiun pr«auture 
in the cylinder generally rises as the adiuisaion is shortened. 
Xho gtMt iufmoritjr of prMsuro ia tho ojlindor, being in 
amh MM bvl oBo-btir of tin* in ilio lidTodMot. is no 
ttoitbt owing very much to coadMiMtioB of itiMi by the 
txpwture of the cylinders. 

Of ti« Injtuenet of Syttd on the RdaHvt Pmtures.—Virwi, 
betwMatlMejlindu'MMltli9Taltra*ehMt. In Mo. 78, C. H., 
the Mlovigg diflmnsN of pminio mn mil wtaUiaheU 



38 nulei per hoar, 10 Iba. diffcrenee. 
43 do. IS Iba. do. 



The a^iiBrw of 86 and 48 am 1286 and 1840, which are 
aa 2 to S wailjrt tka pNamna. 10 aod IS, an alao aa 2 to 

8; and it follows thai at s[.c. .N a.\x->rn 30 milr-'!, the difler- 
«iee of preesure varies a& the square of tiia speed nearlv. 
For all s(i< »il» lower than 36 milee, and above 7 oiiles, the 
differtuee is noarlf eonitaot, vninflumeod by apeod. Thi:* 
ia makfov to tba MiidlMou of dio liadt admait prnsure 
of this engine, alrcrvly f)t« Mi?^( il. 

In No. 41, 0. K., in the ordinary oourso of its work, tlio 
difamMia of ptHaa* riaa ^BtU/ wilb tho apaadt M » 



and 40 mtm, wliidi wan tbe tart obMrrod tftiit, ii« 
difliwtaa wata aa fbllow:— 

ntlet pw boor, 9'5 Ibt. diScreneo. 
40 de. 13ibs. dOh 

The speeds are aa 1 to X, aud the dinVrcnco* «• I to 4; ft 

follows that in No. 41, the difference of proomro viriaii 
the square of tlie sjXH ii. 

In No. 41, over the brake, the diferenco la exeeedii^ 
nrion, oftn witb tho aano apaada; tad tba gnak nm- 
tion M ohserTed is due to the varying tempermtnre of lit 
steaoi-pa0i»i;es under the circnmtUnoao, owDOiog aa and 
impo<limriii iVm;!! witar bj aoodaHMtiaii, as wwm Jbnod ■ 
No. 78 by pimiog. 

Li tho Oiaat Britain, tko dlKimaao do not fiaaiapMly,- 
the case ia aooiowhat eseeptional, aa the condition of th' 
steam varie* with the vpeed, in the manner alrondy described: 
til.- ln.;lnr the -ipi-: !. tlie lirtt- r 'iried and the more voUt;Jr 
14 the steam, and therefore the more easily dooa it flow. S* 
great ia tho adMiriajiia ao derived, that tli« dilTanaattif 
pressure t'im more slowly than even the spocila simply. 

Secondly, between the valve-chest and the boiler. Tbt 
difference of pressure ought to vary, like the other, a) tlu 
sqiiafa of tho apenl; but tho ratio my bo mmiy optsi iy 
peeoUar abtn aw ta ao Mi, aa in tho Gnat BritMO, whtn m 
find that the difference /alls aa the speed rises. 

In/uence of Me Period Aimimon on ike Pratwt in lit 
Ci/litulfr. — This influence has already been alluded to ia 
N«>. 41, when wo hsTO m«o tliat with tho aamo openii^ tW 
praatora In tho eyiindar riMawtha parfodof •dniMhok 
shortened. This variation is simply proved hy double Ji»- 
grauis taken from the cylinder immediately before and aft« 
a change of notch. Thus, in No. 48, 0. R., (cylinder U X 
20 in., whMl 6 feol) at 20 oiilos, with the Ngnlator wtsl- 
ti rod. the valva-gwr was shifted from Aa M to tha IK 
ii'itch, increasing the adniisaion from llj to \ '\ uiclns; tW 
pressure in the cylinder fell simoltaneousiy trom 7u to <S 
lba.»aha*BbyfhadiqBiiBW%.166. KinIiul7,iDlla.iI. 



1I»1IT. 




C. R., with admissions of 11^, 12^, and 14^ iDehei 8ii««e*- 
«ivi-ly, tho pressure fell from dD Iba. 1» niha. and 89 11*^ 

in succession, fig. 157. A dia^m, fig. 1 58, from the Orine. 
E. aud G. R., shows a fall from 30 to 33 lbs., witli »uoc»- 
»ivp .i.iiiii^'^iij:!'. .(f 1 1 ;iijd 16 inches. T!:'.- JitiMtcr, E- 
G, H., (itie inrne aa the Hebe) indicmtea pressures «f 4fiai>^ 
37 lb«., fig. ) .^9, for 1 1 and 15 imihaa adroli^ at 3f aufai; 
and 65 and 44 Iba., fig. 160, for 5 and 15 iuehe", at ;!0 mils^ 
In all these instances, the steam-pipes in the stiwko-ltin «" 
ciiii lm-ti rnnnsi the sides clear of tho tubes, and oel of 
direct contact with the smoke. In tho fint caae, thesttso- 
pipo wia 19 bat In^ to tba valfa-diaatt i» tba naui^ 
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third, it wu only from 8 to 10 feet long. Whether, then, 
i.fif* b* loiig or ihort, tha influMM of tb« period 



J 









IMMMHliawtki. rion. 

of oJiuiMion m tb* jm w un in Um eylinder it in dHM od- 
ginea very deeMaiL 

Iji the Ori'.-^t ririt.iin, the jierioil of .ulmissimi appears nut 
Bcnaibly to afi'ecl the relative pressure in tlie cylinder, 
■ppoara from the meana in the table of pre-i.miri-K. Tiii-i 
nnufcabi* ismplisa is doobUeM diM to ibo highly volatile 
eondftioo of tho Mmhi, dm to dMieeatkm in tbe ateam-pipe, 
ao faviinraMy sitintiHl fur tlie purpose, ami i-xpo-^ina only 
i inch tlilekuess of copper belwoeu the hut smoke auJ the 
steam. 

<y«s Variatiom tf r% mm * <n Us FolwoU*— Wo have 
•Inadj laaiMlisd tint thia pmamv ia not n all caaea eon- 
alani, and it may Iw addeil that in our own ooquirio!, we 
faaTO noted the aiM» indications for comparison with the 
other prassuTM. Tlie intermittent flow of steam into the 
qrllndsr is tha snaia of tha variation, tha prsssurt bein<; 
krweat durin; admission. Tba amonnt of this Tanation 

sonK'titrii-'S rraelu's 8 Ihg., as dla^jrams obtaim: i fr: in the 
valve-chc.1t of No. 41, C. K., will show. Figs. Ibl and 162 
exhibit diagrams ander the 3d notch, from the cylinder and 
tho Tal?a>ebsst taksn aimaUaMomlljrt at qiaads of 8S and 



Tt. 141 




M MUk, n apli. M I 

c.a,Kk«i.- 



S7 milos; tha npper flgurt in each diagram shows the Ttria- 
tioB af piassaia in tha valTo^obeat and its correspondence 

villi that in tba ejlinder. Fig. 163 also shows the prci»- 
aoNa Ibr tba 4tb notdi at 26 and 38 mites. Under the first 
noteli, the dMot-prcaaiife appsarad men nearlj constant, aa 
tba admission was nearly continnoos. Id tba Chwt Bri- 
tain, all the pressares in the ralve-ehsst were observed to be 
Smsibly eiiuslant, wliieh indeed thr-v o;i;jIit to lio. con.-<iiit- 

SBtly with the oiMerved fact that the period of admiasiou 
does not aftct tba nlio «f thaa* pnssans to tboas Ib tba 
qrlinder. 

OmmU JfasM&s^Tho foUowin;; well-aatbenticated re- 
IlUn SfsasBTSS have been found ibr the ptafliad ai 
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ThoQ^h the speed of piston scHssled hn dm Chaal Brilara 

is lower than the otln-rs, it may be considered the same, as 
the dilference ia little atl'ucted by speed. Of the first three 
engiac4, with about the same port, the Oironde, in oniiiiary 
condition, has the smallest difference, wbieb, tlum^ partly 
owini; to smaller speed, ia owing alao to dsansr water, with 
n ipi rt In No. 7."?; and to better protection of cylinders, 
with rf.<ipert to No. 41. The differences of the Oironde, if 
raised fur 600 feet of piston, in the ratio of tba spaads, would 
be] 6 and 43per 8aBt.Ciurdeanaiid ii^aiaintariBipaotiToly. 
In No. 41, wo bsTosoentbatadsanltefyaodaef voiUng 
the < 1 .jiiip doubled the difference of pre-isures, owing merely 
to tlie ui<!uliiciently heated state of the cylinders. In the 
(>reat Ilritaiu. at tlie same speeds, the percentage is least of 
all, owing to tha faugar port, and tbe better condition of tba 
cylinders and sleam-pipcs. 

Ai) to the resistance of the stcam-pipesi, the fall of pres-sure 
on this account is, in the Oironde, about one-third of tlio 
t«t.tl reduction, the smallest area of pipe being iVth of the 
piston. Id No. 41, withapipsiArUiof ptslDn,tbeMdue 
10 the pipe is very small. In tba ascond toUo far tbis 
engine, 1st notch, at IS miles, while the eyliuJor-pres.^ure 
is 14 Iba. less than tli,-it of the chest, the pressures in the 
che^t and boiler are tha same, 57 lbs. In the 4th notch, at 
19 miles, wltb only S| ineb opening, the 9j}laA$t ia 16 Iba. 
below the diest, and tba latter only S Ibo. below tba boiler. 
It follows that nearly all the fall of pressure iu the C. B. 
passenger-engines, takes place in the eylinder-passagee, at 
least at apaada nto W wflsa, wltb apanfaigB abara H 
inches. 

A^ain, in the dia^am from Nob 19, 0. B., fl^. 110, at 
34 trii'e.i, witli 62 per eent. admission and Tl.') \\>s. steam in 
the boiler, the initial pressure was 58 lbs., showing a fall of 
87 lbs. or 40 per cent. Now, in tbe 0. R. engines, the fall 
inercaaaa aa tba s^ittn of tba spssd, simI wa tbafaJbra infer 
from the stated nsntt fbr No. 41, in «Uab tba IU in tba 
eyliniler p.isAai^'tis ii 1\ per cent, at 40 miles, that at 54 
milca the fall would amount to (21 x 54' + 40'j or 40 per 
cent, equal to the entire observed fall in No. IS. lifclfawsb 
therefore, that aa tba mflaenea of Iba aylindaNpaaaagi^ anfi- 
eiently accounts for tbe totsl rednetloo, then is piaotioally 
but a very ttinall resistance to the motion of steam through 
the pipes of the 0. A. passenger-engines oven at 54 or 6U 
mOaa par bour ; and that virtnally the whole of the resistance, 
roeasored by a fallof pnanrsbtokas plana batwaan tba chsst 
and the eylinder. 

The following is a re stilaaMBt sf tha mtoflw yatad of 

Nos. 33 and 124, C. U. 



Snis. 7S 



^■riim Mlha. »lba. Wlto..crMpireia«i. 
81 do. 67Ke. enlhs. ttlba., erM per seat. 



Gonverting the speed* into feet of pistuu per miuuie, and ji 4 iua. 84 da 10 da 



No. 124. 

es lbs- 100 lbs. 38 lbs., er 3U (i«r cent. 
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The 'liiTini>nc«» in No. 83 barmoniae with tboM of No. 41, 
and dt.'ubtlsss take pUc« io th« cylinder-iMuisagra. 

In No. 124, with » (tmin-pipe only '^th of piaton, one- 
fimrth of tin dUbrawii ]n«fa>Uj, i» dm to (he pipe*; and 
th« nwnnibr, or dbavt 80 par MiV, t* tiw eyliadei^pw- 

In the OrleiuiB engines, with ateain-pip«d refip«clivc'Iv iVth 
tknd iVth, the re«iit«n«e of the pipM was, for the fint, ono- 
thM ta «m-^g^ of dw Utal 4iiEMaaMt and iur tht 
waami, alwirt «iM-favrth. 

Thus, Giially, wi(!i Ama water, and a jxjrl »l>Mat -fxih of 
the puton, the fall of praaaore betWMB the che&i and cylin- 
der, at apeeds of about 40 (ni1t% m WO feet of pitton, )« 
•bwt J6 par «Mit, of (ba aaoiUila |i«inm in tha^Mal) whan 
tlwe^IMar ia w«Q finitaotodt «ad tint far apaada of SO to 
f)0 mil«. it varins fnjiii 20 lu 40 ^>er cciit... in eylinderj par- ' 
tially protecte<i ; and Uiai by excessive priming, or even by i 
a Jeeultory mo^Ie of woriiog with partially protected eylin* 
dan,thendiietioain^riBmqjr«Maabatnblad. With* j 
port of -/vihi dry aUui, ukl wall pnnteetad eyltDden, tha 
redaction is not rrrcatt-r than 9 per cent . uf the [irMson* even 
at the highest «j>e«<J«. The effect of wiredrawing on the 
prennre daring atlutiasion is not here taken into a«ooaot, 
for wiredrawing, aa wa iMf* alraad/ had oemion to rMnarfc, 
u merely equifaknl to an earlier luppnaiioD, as it intro- 
(liircs jiartial expaoaion in the cylinder daring adjni<«ion; 
ami n\-<\\ !h> provided for by placing the valves more nearly 
iuto full L.'<'3r. 

Again, it follow* that with ft ttMB-pip* i/aih to ^th «f 
tlia pi«t«D, the fall of pr aaa n ia in tlw ataMR-plpa la from 

one-third to ont'-f'mrtli of tlio t<jlal; ami llvAi with pipL-i not 
len in aection tliaa t'lrih of ih« pu«suu llmv U pciu.-t>cally 
no reduction of preaeura between the boiler and the chest, 
wImo tba NBoiator ia rndkint^ ajpan. wd tha ataain in 
food eenditioB. AndwIuD (liapipaiBladdowntoOiaelieei 
ilireL-tIr tJirough the smolce-box, in front of the tubes, and 
exposed to the current of hot amoke from the tubei, the 
jmaaure in the ehest at tho lowaat speed*, is sensibly tlic 
•ana as that in the boilai; onipt ■■ it Im ndaead by | 
tha Delator ( u the speeda tnenaaa aiio«« 40 adiaa, with > 
tli« ni^nlator well open, thu prfsfcire in tlit cheat excseeds 
that 111 tiiu iKHltr, uutil at 60 and 60 miles, it frequently 
r«acl)i H An exo^s of 10 par aaMt««f tha Mlar-pnmWk «ith ' 
ftpipai^lithoftlwpi-^U'n. j 
tnwgraataotoaeful openiii;:of rej,nilatorliaalMwiiobaarved * 
to vary frmi 4 to 9 sipmn? iiifilifia I'T a 15-im'h cyllnilfr, or 
ahoui iVth to iVtb of the piston, lu the Ureot Britiun it 
•Moot aiMari fiOk, w llib it tlie whai* wm of tlw . 

Ititiiafaregoiiij^dtMnHdoiHitiiaataanabownlMiwaerioualy | 

the wofkiiij pros:»urL' iti the cylinder niav hf reJui-i' l I.kIo v 
that of the boikr, ordinary speeds, and what au ciloclu^l i 
limit may thus be imposed upon the tractive power of tlie . 
•Bgine at high speeds. It has also been aten bow, hy w i il'- pip<>i; 
■od ports, by well protected cylinders, and eipeciailj tiv n.. I. ' 
dried steftiii, tins njilur tloti uf prf;<suri^ may be exlinguithcd. 
and the tractive power of the cnijiiit f jllr maintained at all 
speedj). This separate heating v! tlio »t<'uiii, in tli>; -<iiuke. j 
bo^ iulmdmws us into • aaw fiaU ot iv^cy. aa to wbiab 
wa dull mw only &ay that if mai aao be doviaod br | 



economically surcharging the stfain after !t Icavoa theU>il«. 
MBverttng it into wktt baa been called " anhjrdrona ateta,* 
or '■■taiD^" BHh kaolU mj boanlisipaMd fron ■•Ai 

BMaFROumir.— 1. Daftnf <ho oniinarr wpoaiiii; 

locomotives, tbo pres»nrfi in tlic rylltnlir. ivh !r- tlip stMni \ 
admitted, ia, in gtsuvral, cuusiderAbly Iti^s Lliau that in ls 
boiler. 

2. Thia Ul of pnaaon Jo <Haad b; tlw windmnii* 
aetloa of the t«i^ator, and by tha nahtenew of latatai 

tlr<n, hinJs. aixl strict iji-i's in the steani-paasai^cs. 

S. Tlw fi^ of pressure ia graatly increased bj the exut- 
en«e of water io tho atatB, wliofha* im M piriHiq[«li 
OMiiisnaatiwo, 

4. Tha ftn of ptoatw* luM io w a fta ibw ■qiuuw of tk 

pp<prl, ni].1i-r orJinarv c'rciiiii«tan<-cs, — tLi< ntfam-pipes beir; 
led cl«ar of the direct action of tko draught in the s^lok^ 
box, and the steam in good eonditton. 

5. Whantboataam ia apooiallr oaly«otod to 4ooi«Mli« 
h tita auoko-boE. by direat opoooio to tho dfwf^ tha ftl if 
presBure in tlie i<!eani-pip4'». b'^lwrm tlie Ixiilcr a-id tSs 
ciieat, becomes leM the speed rises i and it ultimately, h 
tlo lM!glM-J>t sp<>eda, disappion, when the cheat-pi uoilM 
OOBMO a^ual to, if it does nn* exceed, tlio boiler-preanut. 
Tfao fan of pnoMiTC ID the <7 1 1 it.k r -paeaagM, rioao rery slovir 
witll the speed, at a rate pvn li^-n tli.-in tl;i- siK-vd aimplr. 

6. The shorter the pmu<l uf adiuiseion, the ^eater is tbt ' 
pressure in the cylinder, and the leas is the fall of presson I 
from tho boilHV ooder ordiioij ooBdithMHi. With highly 
driad itaoai, tho Ml of prMsoi* ti mot otaaiM j afaelsd V 

the period of adniiMiii:). 

7. The prf#sar» in the vaJve-thast, niih ordinai'y rteam, 
flnetuiUei! iiil: the stroke of piston, from 5 to 8 lbs., witii ^ 
port4 iVth of the piston. With bigblj diM ftimt, * 
port iVth of the piston, the prwaoraa ill tba dieat wm no- 
sibly constant. ; 

8. Tho great, t iissfui i p. iiijy uf iJio regulator does not I 
in any case exceed J»th of tho area of piston. 

9. In wall protected cylindon, with oidhwrjr atsoa, ■ 
port 'ffih of pttton, and a speed of 40 miles or about 9tt 

fi ct rifplMiiii p.T luiiiutp. tljc fall I. f pressure ili tfi.L' ovlini r ■ 
passages i» about 16 per cent, of tha ptaaoim io the cbest; 
•ad in partially protocUtd ayliadMi^ fiwipoadoof lOtsfiO 
niki, it taziao 6«n SO to 40 per sent. Excessive pn'miii; 
by find watar orotharwfse, or extra condi-nsation, has bees 
found to treble tlie fall of pn ri^nrc. 

In well proteeted cylinders, with iiigblj dried er m- 
«hM;pdataMii,aad«poclorMthoMl hi tho qdini*- 
im ttMwlO |ior omt. owmit tho hfi^t 

•peeda. 

10. The fii; i.r prt.*.sure in eteam-pipcs I'ss throi ■fiih<i 
the pi-Ill in, i-i from one-third to on»4aaith of the total M 
at &U isim<j<L% with the Ngobtor wtda opoa. WUh fip» 
not lea* than iVth, and ordinary steain, the frJl is pr»''li«^7 
nothing. With pipea at Irast iVth, and Li-lily dried sUtm, 

till! fall it KiiiliMi:,' ; on thii contrary, the obaatfMB" ' 
«)tce«4s ttut in tlie boiler at tho bighar apaada. 

11. The total Mi b^lwaen boUar tnd (^findo^ oik 
oidiaiij circuQistaneaa, nay raaeb Jron 90 to W <iRt» 
at Iho highest a|ie«ih 
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12. BjraiwriqgtbvmiiMof tlMMbtftT/iUlttC pfe*- 
Bure, ih« Inwtifv etpsbilitiw of m^nm laljlMt to imb 

l-eduotioDB may hi- ;;r<\uly im'nMxed it k%h > p M< t l lt Mtd in 
wim CWM more ibMi doubled. 



CEAFTEB IX 

Or ma Wma tan* n tmuM tk tu OiumtB m 

m hooammtn. 

Dt/lnition of TVori. — ^Worit !• ** u meiiMm of prtMnr* 

tliruu;;li S|ii>'-i-."' Till' unit bv wliicli quantities "f work !h 
inessnrable ia "tlio iiiiwnr necessary to raisu mm pound 
thnmgh tbe hei^t of one foot.'' Th« raU at whieh work 
ia dom I* wpmMd ia hmtfimm* and ant InrM-pomr ia 
eqnifalmt t« work dont ly eaaUinon nwtiao ■* th* nto 
(if "."S.nOl* pouiiJs raisf;l tliruii-ti one foot in one mimite: 
that ia, to Uic |ien'irmaiic« o£ 33.000 units of svork per 



^gram reprasanta tta Mtiva p aaa u fa and haak piuaiura 

per (quart' ilicli lai-lli-il i>v ifm sttain on mv rai-i- of tlii> 
piiton. During uue »U-oki> of tlia pi«ton, tberefon:, il \yi 
nppoM the steam-pressure to b« exert«d IUlilbfn|]r ttirou^h- 
aot tlM8tnka,Mid tbat there is no back praaame, tba work 
dooa wrndd ha ainplj expressed by the product of tba wliala 

pressurn on the piaton in pnunds iiuo stroke in f>''-!. 
Th« dia^raiik eipreatini^ sncli au eieitiuu of forre wuul,i 
BaaaaiM'ily bo rectangular, and the product of it^ irnctii in 
faat \lf ita haiglit ia ponnda, anaaaorad bjr acala, would ba 
«n e a uiBaai uu of ita an*,' and maid axamaa tlia warlt dan* 



Tor oil':' .-"triikf pi^r p>y.ur<> IikIi of piston. Sliouiti a uniform 
Irtick prosiUTu Lw iuJu-attil. it forms a drductiou from tJie 
'mrfol pressure; and iho ditl'.: r.: nw of lo i^lils representing 
pavar and rsaiataoaa on (ba diajctam, ia tba affaative pia^ 
wm, lAieli ndlifiiid \if Iha liagtli, aipraaaaa, aa Mbra, 
the tuefttl are* af diagram, or th* laofal laanl Am par inch 
of piston. 

In practice, the positive or steam and boek-pn-ssurc lines 
of tba diagian aia not straight, but aanrod. Tliaaa eon- 
dttbaa lai^to a fmltminary proaaaa af radiialiaa Wbra (k* 

area of tlie i1i.i:;rr<m cm be estimated, and the work for one 
stroke found : v^kn tli« mean positire prassurca during the 
snccessiTO inches of stroke, add together these pressures, 
and divida tba aom Iqr tba langtb of tba atroka in io«bes. 
Tba qaotiaot iathaioean poaitiva praaaan par Irndt of pis- 
ton, for tho whcJo of tho stroke, equivalent to the Tariablo 
preasare actually indicated. Similarly, aild to^^ether tba 
bock pressures for i vi-ry inch of stroke, anJ Jiviilo the suin 
by tba stroke, for tbe mean back pressure. Tlie dilTereacu 
of tba MMHt paoMiva and bade pfaaaniaa aspresees the efl°«c- 
tiTe mean pressure per inch, and this mttlliplied by the 
stroke in feet, expresses the area of the diagram, and thu 
wt>rk dune per inch of piston for olW' stroki'. I'^iiLilly, ta.> 
whoie work doue upon tbe wttolo ^uriaoe of the piston, is 
equal to the effective mean pressure per inch of pialon mnt 
tipliad by the ares in inebaa, and bf tlio atrate. 

Far aumplc, to iud tba tmk indkalad by Aadogmm, 
fig.9«»p««i>«6^ TbadtamKaraf pi8l«nla» 



tba atraka ia 80 inebaa, and tba indiaatad 
> inabaa of atnilw BN aa fblkir »— 



brtba 



1 
t 
S 
4 

« 

7 
I 

9 
10 
II 
» 
It 
14 
1» 
M 
17 
M 
19 
SO 




« 

M 

2J 
Sd 
19 
17 
19 
7 
4 



Suiii> of (he pressures', 7? I 
Diridiog by 20 for the I ^^.^ 




Tlo' lifTerenmof the mean prc-viiirfs,('<|nal (of-'n 2 — ' fT) 
or ^Ll 6 lbs. per inch, is the otiuciive iucau pn.^'furu. Tiie 
arc* of piston is 1 76'7 inches, and the whole eflToctive mean 
piaaaora on tba piaton ia (17fi-7 X 80 6) or 6407 lb*. Tba 
walk af tba ttaats as ana itda of tba piaton dvrini; one 

'IouMp stroke, or one turn of the whfol, is tliori'farf (5107 
^ iii) or Uilll U uikiki of Wbrk, or pounik raiaed tlirocgn 
1 foot. 

Tba amk ao datormbwd Jar ana fiwa of tbo piaton, baing 
takanbartuneaithapndaat ia tho totd mrb dma by <ha 

engine daring one rc votnlion. .x-i^nniini; for the present tliat 
the steam operates alike on tho four facesof tliatwo pistooa. 
Then (9011 6 x 4) or 36046 4 oniM ia tba total ntife Car 
ana torn of Um driving wbaai. 

J ftm a i a uMrf tf Bmm fmm frtm ||« B tm m d fc' i y wiai.— 
Tttdt* for Cal,-u!iiri(Vi. — Ths diagram just euuniusd waa 
deaeribed at a syvni «f '20 iiiilas per hour, and from this we 
shall find the speed of pislon. The driving wheel i-i t'> r-t 
diamatar foataaitsiuniinonea ; ooa miia s 6iS0 faet, 

and SttO-i-lS-W s SMtona of lAaal inaaattiiat thiaa> 



2B0 X 20 — 5600 turns per hour, and £600 ■+■ 60 ' 



'J9i turns per minute. For one turn, each piaton i 
two st«siiii-»tn>l<i-'<, equal to 40 inches or Si feet under tho 
efTaetiva mean praaaarat tbea 8i ^ = pa^ 
minvta, {ha nrau apaad of piaton. Now 911 X 8407 (tba 

whole effective mean pressure) = 1681577 untU of veib 
p<-r hour; and this divided by 33000 — 51 horse-potaar fer 

--nii oyhndi-r, or, for two rylni'lers, X 2) or 102 hr.r^(>- 

power ; and this ia the whole power developed in ttui uogiue, 
measnrsd Iran tiia diagram. 
This nperatioo fer finding (ba hocaa pomr maj bo 

expreased symbolically m foltowa; — 

Id P — Uw efltfctim mean pnsasure in povods per s^oa** 
inch of pisioo. 
r _ tbo speed of cnpoo in utiles per bom 

d— tlie diaioftt.?r i>f jii-ioti in Roches. 
* — ■ tbe stroke at pUUHi in inches. 

rf—ths Himof rf «Mm itbai la ><. 
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UILWAT lUCHUQEHT. 



1hea<PX -7BM • 



tnn of tbe piatoii. 

»lni'i> <'iTee(iT« meaa p m uui n 
ua ilm inaton, in puaml*. 

cireumfcraDce of (ho wbeoL 



of torn pw otUtk 



a X 31410 
6280 

ir- «B mnnber of (urns per miouta, 



Tunn per minnio X ■ = «Jw«J of vi"**"! '«> f*** f 
^' minute. 

Spcml of pi»ton X 'TSM r<f -> milivf tnilliilMMf«aiimito 



Wofc p«r mi..ote for OMcrlr. X t lMn»Mnr for two 

3S0U0 iyUnian. 

MBVutad into 



All of these ekroenurj nj 
ueful formulM u4 ihIm. Thu, 



JJW> 
3 HIG if 

joao „ T 



■fU4#r =^ il"' eSntira mmn pro»- 
■tiro ou tbe pittao in ivanH*- 
(>-) 

— «. oontbiT pf turn* i»r miln. 

(2.) 



~ 28 • 



«f twn* per 



-41 «Ml «r pMtM ia CM 



IT) 

' AMOTliMlct. (8.) 

V^—^ % -^== ^^saS- — ^ «ff»t<^ honc-po»cr f<<r 

* WW *M0* tWOCTlbdCT.. (0.) 

or Ytr!>:ill_v ! — 

Bi;l« I. — For ttkok Ajfi«<«M ifeait Prtmn m Iht 
PktaiL Hidtipljr tl)e sqoAre of Um diaaHtor «f pMtDO in 
iuvhcc, by '7854^— iod by the effeetir* mean pnseare in 
pounds per square ln«h. The prodaet ia the itomber required. 

U.I K \\.— F<,r th^ :iuin.hr '•/ Tttr„s th,- Dririu.! H'A.U 
jief mik. Diviiiv ItidO by Ui« (iiaiiirtcr of the driving 
wlircl in feet. 

Bou IIL^Ar It* KMibir tf Tmhu «/ tkt Jkmi^ 
Wittt per mlmiU. Multiply the fpetd in tnilee per hour 

l>y 2S, — an J 'livldv I)_v tlio diaiiu-frr ofttic wlic?]. 

KuiB IV. — i'V (i« flpe«d of Pittm in Jmt jnr mimU. 
MnUiply the ipeed in miles per hour bj the stroke of piston 
in iaohwi,— and lij and ditida ^ ilta Hiaaatac of tli* 
wbaal in feat. 

KCLB V. — FortAr Work :ljnc in Oru' Cv!ir./}0r p»r mtnuto. 
Multiplr the epaad in uiiles per hour hy tho square of tbe 
diameter of pialaM IN kAmfAif the stroke in inches, — by 
the effeotive HMn fi i w a m a in pounda par uMh «m tha pia> 
Ion,— md Ij Sl ;•— «nd tfinde \j the dianiatar «f the wlwal 
in feci. 

BtTLB VI. — /'W ti£ llarm-ftavxr of a Loeomiititt. Mul- 
tiply the speed in miles per hour by the square of the dis^ 
malar vi tha piaten in inahaiu— bj tlia atnka in inches, — 
and bjr tha alheliva raaan pnaana an th* |iiitan b pounds 
per inch ;— diri tlie pra<lugt bytha dinmataraf thadrifing 
wheel in feat, — and by 4500. 

Eran^Jf^Adt C. In aonnaatian with lha fenfaing 
aumptak 

tha ipsail ia n niaa par kan^ 

Aa (Man baa U laahaa dbMar aad SO iaehaa sinbk 

lha«ftsii«a BMiB piaasan M the pisteo is to • lbs. pir inch. 

Tb.n.b,rulc. ?OjcW_y,^^>,JO:n_ 

wbidi ia tbinsalt in ^ ■fan4r "■had «■) In delal. 



As tha atiiioBpheric nnistonee, 15 Iba. per incii, !urai» ■ 
constant deduction in all oases, from the total steam pt» 
sure in tha (griinda; it Monn that tha dadnatiao ar IsMaa 
experianead, u pniportionany laaa aa tha tatal ptaaaaia it 

^.ToattT. Fur pxrimptc, with a tot.iI presssir*" nf PO Hw., il^ 
deduction amounU Ut om-liM of wliule prBiaure; sad 
with 90 lbs. of total pressare, (ha deduction is oo|jaa» 
sixth; with 180 ifaa. it ia «otj ana-tmifth, and, an Ai 
athar hand, «ith bnl U lha. tntd pnaanra, it wmU ba 
entirely rift In' .HQirisjjh..ric rc>!si.iiic.\ I./:iv;ii,' no ■.i,.,ftl 
pressure at ail. Tbe advuita^c of liigh |irc\9&uro » tbiu 
manifest, because, aa we hare found, steam of all pmiini 
ro^ ba iHnad Iran a gmn mi^jbi of mtar, at tha saw 
eailaf haat, araaha; and ika atmaiphail 
midable for tbe lower pKaiWNI^ iBwillMhlH itt 
aa the pressares rise. 

iri>r* c/ fittii'ii f/y ti'.ii'ji dmloptd bf Expcuuim." — W» 
iuiT« found that steam in tJw ejlindar, nndar CavoaraU* tk- 



(hat ia, that tha fartal volume by expansion varies ioTendr 
aa tha taital pressure. Thouirh the preasnre falls thiu 
rapidly by expaii'si'sn, th-i ivork dune diir[i.^ this jhirj-l iiirn 
be considerable, and in short constitntes, in oaojwMtiM 
with the fr^ment of power appeadml by nrfimttt-frmfn. 
aU tha diffetance on tha aoera af aficieney per poand of 
steam' naal, between a full and a partial admission la tb» 
■"vllader. To r-'our to uur iiiiiiniurv ■ij.i:;rriiM. [>a.-i' ( i\ i i 
heavy lining, die steaui ia cut olf at about one-third of Ui« 
•trahe. leaving tha remaining two-tbirda to lie dssaribsd 
under expansive aclioo only,— the expansive aetiou of tb» 
«team previously admitt»d. Now, without poing into figum, 
it isobvio'H '.hat tin- .irc^ of that p.irt >>{ thi' di.-j^rrriin \ 
to the pcnod of exp«u«i«»n," is about equal to that oi ttie 
first part of the diagram, described daring " admission,'' at 
laaat if vaadd thafr^gaMntof anndna to tha "aihaHtr 
and, as am ie the meaaai* of werie doma, ft rdlMra that the 
extra wi>rk don jbv tin- scjcirixto r xjiati-^iuu of tUf ^tMun is, 
in (his iniilwcf, aa much as ilim worii r<*gulariy done by it 
during admission ; and that tlie work of the steam adiniltol 
to the qrlinder has been thus douUad hf tha expaditet <^ 
aonfining it and employing; its expanaive Ibrrn throughoet s 
large remaliuli r -it' the >trukf. Thn ^nciucr tin- Htr.im .« rat 
oir, the greater is the part of tha struiie lot't fur expaiu'oD; 
and therefore thnaaaMnieal action of the atoaM ahaald aha 
ba giaatar in aaan piapoitiaa totha ahoitnaaa cf the adarit- 
snm. Oar businaaa IB nawtafindatwhatiatathiahella 

•;ood III |ii'ai"li>'<'. 

Aieaut vj' etUMaliutj tlte H'urt oj tinim BiSM/<r E!jrjxuum. 
— According to the Uoylean law uf the rxpansion of stMm, 
the area of da^nm due to axpaaaion tmj ba ean^atad 
Inown ndia, vhidt aaanma that than \» a» almaqtaie 
reaistane^s and that tlia ufaaaa tnhM plaea at lha end efth* 

stroke. 

As the condition of a vacuum on the exhaust side of 
piatim, doaa not in pteaant pnetioa eiiet in Iseeaaotivas, aaih 
raanlta ainw latbar what ia the nltinalo poaaibla perfenna* 

of st4>am iiiii'.i r rxj'iinshiri, th;iii what it can du \;\ the kx*" 
motive. Ailuwuivo a aJ« h« uindB lur Hit steam fin- 
ployed in filling (he clearance, the loss of expansive Core* 
duo to an tarlj axhamt, tha laaa bj bo«k axhaaat-paaaau^ 
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and the reserre of ateam by oompreasion. W« shall, then, 
in the first place, ohow geDemlly, with the aid of a few ex- 
«mplw, kmrthftpomrilMwlopMl during the dilmntperioila 
of tlia xteam-Btraka autj be Taried by the period of aidiiu^ 
eion ; an J sliall .ift<^rw:>ii!s iIcIik-u from tin- ■!i:i;,'ram» of the 
Qmt Britain, the rate at which, in practioei, the uSeieiicy 
of ttann in tli* bwmliwi^limtorM i uuw ii n* ty€»pMiri?e 

WtritifSuam Auimf ttt Mhkhal pm,Js ,f tt« Dit- 

tribuiion. — Select, for exampU'. Noa 2f;, .'.U, and 4S diagrams 
from the aeoood serie« of thu Great Britaiu, (Diagram- 
Plate 4,) all of them taken atI7 milee per hour und«rtlMlBl| 
ltd, tmd Jitb OOioheB I««pe«(irely. Di*U* Uw Stfftau, H 




iu the fig. 1 04, by v<if lical iiues through the points of suppres- 
eion and release ; the areas so set oS repretrat th« amouiita 
of wotk dona diring U» adnkiiaB, th* npaiuiimt and tha 
•ibaitttt, independeot of tha dmrliMk hj comprenion. To 
rfiJui't! tlh iM ti) ii (.'uiiniiun 6laiidanl, (lio iin';iii |:r<'5Sures 
exerlttd duruigeacli pnoil may be converted into equivalent 
IBean-pressures for il.'' nliole etroko, — or such as should 
aoaloaa aqaal araaa. 'liiaiiilkMrii^taUacoataiiHbiBtliaJM, 
4ib, and Clh oolnauM, Om lanlta of thia MiutioB. 
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While the initial presaore ia aanaiblj tha aama to all the 

diagranu, 88 to 89 Iba., the wtiola tneaa preasare* (col. 6.) 
full iram 80 lbs. in Uie lpt notrli. ti:i 53'2 lbs. in otli. 
which of course signifies a r«ducliou of tliu whole work done, 
by shortening the adniiasioo. And while the mean 
daaad adaiiaa i o n -pwaaaHa (aeL a>) fall capodly mm tha admit- 
aloo is aiu)Ttened, it it iwnariiabla tint thoaa of fspaaalen 

(epl. 4.) !>l"^'iUil.i-l V ris.i ; t;iut is, tlii! bimill.jr the fjuantitv 
of it' UDi admitted to the atime cvlinilt r. at given initial 
pru^^ure, tbepfaitar alwolutely ia tin- w irk which the charge 
of steam has mi oppaitnnity of doiay bjr expansion alone. 
Alao, §ur tlia dtllanot notobaa, the work done by exhaust 

preosurfi; (rd. .'>,) in hi-iii-Ilhy cn^flaiil. Tnkiii;-, tlirn, the 
•UOia of tU« «Xj>ausi(Hi and t xhaust mtan-pressures (col. 7,) 
thaj increase as the admiMion ia redueed ; which implies 
that, wittuD Uio Umita of the iat and £tli iiotdia% the imtk 



done by ateam in the cylinder subsec^actitiy to suppreasioa, 
iocreaaaa aa tha admiaiioa ia ^ortened ; and that the aama 
work, as exf>ri?!!ted in panant^^m (ooL 8,) of tha whabman 

fnmuTes {■:ol H.) riaea horn ooO'&arih to ow4wlf of tha 
whole work done. 

The near equality of the uieati rciiuL'trJ prt-^fiurea of ex- 
haust under different notches, preraih ov<>ii at high Hpaad% 
aa we find that, Cw Noa^ S3, 4fi| and 47, iMgh^paad diigna*% 
these pressane ara nopaetivaly 8|, Bk, and 4 Iba., radneeil 
for the whoki strokn. (or nearly equal initial preasiiiv't. Tliu 
useful praiiiture of e>xbaoat, durin^g the steam-stroke, though 
usually considered to bo iwihingi is really not to be over- 
lookodt andindaadthoeaaiaaaf tha ataan-Unaia in general 
ao littta aUbetad bj an aarlj lolaaaa, partienbriy at high 
speeds, as to show tliat IIk- Io^.h uf i xpaiisivo fiirci- by a 
" premature''^ reteaso is a mere trido, and is at least compen- 
sated by the prerention of back exhaust-pressure. To 
eiancfa thia aiyaoMOt, aoleeC diagrmu Noa. 45 and 50 kam 
the Ofcat Britaui, npnlad in tg. 165, and extand tbairaK- 

patl-ion-litHid to tlje did cf tli'j slrnkc, .in shown in Jut-lining. 
Tills LB dij:.u luilwwit; — tiia luul voiuut« al the fttleoM- 



rif.i«». 




point, taken at 17 inches, as doCneJ by vertical lines, is 18'8 
inches of the stroke ; at the end of the stroke it is (24+ 1 '8) 
ur S5-8 inches. The ratio of th. .-,' tot.^1 volumes i* 1 ( > 1-37, 
and the lalaaaa-praaaaiaa oa the two diagrams am 33 and 16 
lbi.,or,addiii«1«lbt„tha (otda M0 48and31lbB. Tha 
pressures falling during expanami aa tho vohunaa InnwiMat 
the final proasuroa at the cud of tha atroke woold be, 

lDrN«.4S, 4BX — 96lba. uilal, orSOlbs. MOfiUo. 

for N'i\ 50, 31 X , — S3 lbs. total, or B .s.-:u;U>'. 

The expansiou-curvea thus produced ought to tertumato 
upoa SO Iba. and 8 Iba. napeciively, according to the dot 
linea, and tlie extra nresa W «BdoMdi whan aim^ad for tho 
whole atroke, are e(|uivaIaiA to tho fblfanriqg mMW pHMMiaa 
per inah:— 

Vaidl. tlatovarbaar. fUlba.ailmaBH)ivnMM 
Ko.n. H da. O'Mlba. da. 

These are all the gains tbat would be had by deferring the 
lalaaaa till tho and of the atnkai. At the IiLher speed, the 
gain (a merely nomina!, leaa tbaa half a pouml [t«r meb, or 

alKnit li per cLUt. of (liti i-tTi-i'tive mean pre-s^aru; ! li'* 
highly expansive working is employed only at cojisidi-rabie 
spaada, it ia dear that, eren overlooking the creation of baek 
praaonnh » period of expanaion protnetad beyond what ia 
BvailaUa for given perioda of ndmimion hj afdlnary Ifaik- 
motiona ami nltaowittoatfuidoiif^ knot woiib pi«*id» 
ing for. 

Wo have now to find at what Mta, in pitatice, the efllt- 
i aaMyofattauiaincMaaad byeqavuimmkhiigwiaitba 



Digitized by Google 



linlc-motioB, ondw llw wmluiMil oiiiiiiig oooditMU of bask 
exIiaiut-pratniM^ •ompmriMi, cihi — wira-drmwiag, and 

M forth. 

Pme^teA J^einuy of Sttam under tit Variable Erpan- 
tim fMded by tkt Lini-mottM. — To brilitato tbo iareati- 
^tioii of ihii qaeation, m mSi m br gMtnl nCmdm, the 
inh\f "I* ipfiiih?, Ko. 'li, fouudiid on the diagnUBt •( tkt 
Gr«»t lin'uMU, m iDlroduc«(i at pp. 114, 116. 

The DuUcriaU of this uble are dariiwl partly from the 
■mallM' tables in pncadiiig rhiptwi . aad the table, for 
flw nost part, axplahM itHilt la attoating tlis hack 
prwturea, cola. 10 and IS, ttie cYhaii.it pr-y'.s.suro been 
raekomad only up to the poiut uf coiii|)r>'-'iiiuu, aud the totaJ 
WW tt llttdt pressure beyond this point >• sf^rated as eom- 
pi mi B B . la tliit «• i9»r» dtpartod inm the 4 i« t tB 0ti<m 
UdNitoinaiii, of wtaoihsf IIm «sliMrt-liM «p to tht tod 
of the stroke, bfcau^e our prcsi iit olijcct !» tn sdparate tlie 
roal loss by iw perfect eshaott from tlif iK utrnl lack pressure 
of aaqmnoe, — nentral, in so far tli" Ftoam m-taioed 
an<lniii|iwnil KM ijniHiim llm nhanj^aililii pfMwrv during 
the wMBiwJiay amwMlwil* ; }i»tu the po««r alMorbad ta 
(!k' oiniprc^aiun of an ordinary spring is given forth in the 
reouil. And, uoi «ven should the whole of the back pressure 
of exhaust, up to the cootprcvriiijii-liii'--, bo r>'> k<>Q»d u lott, 
for th* tbrottluig of tbo wthauat at high iiweda, iudiostad bj 
ft m* of tha axlMaii-liae towanb tho «ateimUe polntof 
prc.ssiori, is Jut) to [ifOiiiaturc mmpres>Iii;i> or rrs.'rv:i;ioii of 
stwiiji, wliicli we Lava atica Jj fo.i:iil tu bi' strictly ueuUsJ in 
its relation to the steam's effieieocy. 

Tho eSactiT* oMftii pnaaiuaa, c«L 18, an tha diffiuaoota 
afeob.9aDd 14. 

The f.vo »!nTTm«, 17 to 21, of hona-pow m aatinatad 
by meaiui of rule G, page 110. 

The column of water.equivalcots for the admission, col.SS, 
ia axtraatad from taUe Ko, 27, p<^ 80, and ahowa iba 
total wlmuof inlor admittod aa aiaiai, olaanBoaiiMlhdtd. 
For the quantity of wslor reserved as steam, col. 23, the 
pressnre indicated at the point of eompressiori has be«o 
adopted, and the volume has ln^tii (leilii?<'it frotii the period 
of eoaipnatioa plua Uta elearaaee, in the mf alraady 
«tpt»Ttiad at fag» 79. Xha dtftnuata af flia oda. tS aad 
tS, g^van ID oeL ahow tha aetaal aspnditare of watt r 
ai atMun, (or Mck ateaoMlnika. Th!a multiplied by i gives 
the whole consuniption for one turn of ihv u ho l, ami muU 
tipliad hj the number of turns per mile, wikicii is SIO, aad 
hf tha apaad, tha final rasult is the consumption of water 
par liOMF, is eoL SS^ aipoaaad in cubie fbat. DivMhig tba 
e«Dl«inta of eol. 25 by ^ «lft«tlva Iterto-poawta in eol. 81, 

we have the actual cc>nsunipti!in of water f.^r etT'Ctivv lior^o- 
pow«r |>»r hour, oal. iii, ('xpri?!i»itd in eabie inches; or in 
|iounds in col. S7. 

Tho nlatlfa aBwnmptiiia of ooka^ allewiiig 8 Iba. af rntar 
to ba avapantai par poud of ttlu, ia aataiad in tha laat 
•'oluiun, an thaiwftMBg tfmiptiflB <f who parhaiaa-pairar 
per hour. 

Aaaaaiing fur present purposes, until aopiirior results can 
be obtained, tliat tlu parCmaanaia dadnead fram the S<1 series 
of diagrams from tlio Oraat Britain, are practically perfoct, 

wf shall I'iopt them as staniiarj ri'.-<Lill«, at'luallv j/hicvt,! 
Ill practice, under the most favourable circumstances ; from 



vhleh ttseful praetioil rules may b« eonstructed, fbt tha nal 
performance of steam in looomotivea of tho moat farourable 
existing proportions and disposition of cylindors, and workad 
by the link-motion. In a future aeetion, the appUattlMI <f 
these rules to practical cases will ba aaoaidarad* 

0/ tlu Lorn of EjSkitMs by Back Etknm Pttmm*. — Th» 
percentages of loss in tt nnf of tho po^itiTc moan |>r<^fur(4 
are contained in ool, 11 ; and are reduced to conrm for each 
notoh. fig. 166, whata tha baaa^ots iiaaora tht apaidi 
ia ailaa par hoar. 




sii J th.? vcri'':-!il Lt'l^hts of tlit> star? nhove (lie ha^i- lini' ar" 
the {w:r<:«ttU|;c« nita^ureU by the verti<;al khIo. Ilum* 
curves show that the losa in each case Tariea aa the aquars 
of the apaad; and froBi tham «a hava eampoaad tha Mia*- 
ing taUa:— 



t.MII^, N^. li-l-r.v Till; 1/188 OP EPTICIENCV s-ri AM IX 

THK CTUM I K IKK liHK^T BRITAIN, BY liALK KXtUCSt 

rwaainK. 
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Tha aataUar ioiaia in tha 8d acnei we hare sren <• b< 

due to tlw «{d»r bhst^nAur ; and it appears, grntnl^t 

tliat, at. tiiilr-?, or 8H) fn i .if piHt.in per imiiiite, 



I WliL-ii tln' urnce rnlriT^rvl iVmii Vs'h of |ii««mi. 

Tin- it, full i;. ar fail* from Jil u> of « lm\' po«» 

II And tbo lets io 6ib ngtcll falls fram ^th to ^th oi liit. 
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llcro t]t« Unt efiVct of enTarglni: tlii« i rifir- !a Jpi-iiifd : 
■wliilo Ihe etilargeincut is as 2 to 3, iLit; Las iu full gear (j'.ls 
from 36 to 10 per cent., at 60 miles, or as 3'6 to 1 ; and, 
«f «D aUowiog for ttw diffvraiee of adiDiMnn in full getr, 
fbr tlM two Ntiw, it b pUn tfcM tho low Vr iMck piciiHn 
dimiliishrs ij.kite as fi^f as th;< B<jimry of tfit blAst-»rM 
inoreases, a\A ihM iu slturk, m uliaskdy prared in another 
way, tho baok exluost-presanre Toriw IDVMmIj H tbt 
foorth pomr of tlw dianwlMT of oriflM. 

<}f d# JMiMmw by flw y i uafiw^ lii onl. IS, tho wtami 

values of runipio.ssiijn iu ^i-iicral nse slowly with ibc spec.l. 

This gmdiiiti n&a ia due partially to the increased pressure 

of oihaast -steam as the sp«eds riM, and chiefly to the 

iownnd tempantQi* of the ojrliador. At tin t^jbmi 

ajM«d% it VMiM. 

1b M tt^m, tkm 4 ll» it |#t notch, to 1 1 7 Iba. id 5th noieh. 
M OOb Bwi 91k. in M notch, to 11 A Iba. io Sth nouih. 

In the lat s^ies, as the period of compression is less, the 
nntiiiM ihoald tin bam htta Imi whenao it ii tho 
■UM « in tlio Si Mrtok, km! (hki ii o»|g|; to th* gmtor 
liack pressure of i xii;iii>t hi iln- fir^t cjjp. 

The rtiductiuiiii of puvier by mnipreiisioii, in the 2d series, 
vary from about 8 per cent, in full gear to per eent. in 
tho 5lh notch. Thn^ with gimt oxpao«ion, fully one- 
liHirfh'of tho poWiT Okwtad io soBtKltzed by compressicn- 
mUtaJicc. 

It follows tbat at tlie highest spci'li!, Um total drawback 
by back pressure is nvarij ths mate for all the notches, as 
whkt ia ndisoad in oxbMUt pnBuro is increased in oom- 
piWHoa. For WM B ip l i^ tho fiiOanring diagrams, in» Ao 
sd series, show the aiHMnd dnwhodn (eoL U) ia powlo 
per inch : — 

Ilo. 33, Isl notch, M mph. IJ » ILa. 



Ko. 44. 

No. w, 



3il da 



Si 
SO 



11 L' ibs. 
1 1 i Iba. 



Tlitfttfaro It is that tho penontages of drawback (eoL loj 
fiM M tho vixiio meaa prfuro bUs. 

No. 3.% l«t notch, miwroai 
Xo. 44. 3ii do., iro do. 
No. no, Sth do., SO I <}o. 

Of ti« EJectire Mean PrtBUtrf in lAe C<)liader. — The 
diwrinek on useful power ooetolOMd by back pressure is 
in practtoo a anattar of cooiBflB w^parionoo mth otdinBry 
engines ; lor vidi an adntoioD tX alioitt two^fUrda of tho 

stroke or eTen Ie». as mnoli woiV-, nr ntore, may be- iloin' 
at high speeds, than wiUi laugvr admissions. Tiiin clH <'t 
is, to be sure, owing partially also to the fall of pr>'.:j»uri' i:i 
tho qrlindar whioli usually foUowa an increase of admission. 
"In tiili and ahniUrly ooostrootod engines, says Mr. 

fI»i)i-Ti. ill 1848, iilludiiiLj to tlie (irtiit iJi-itaiii with tl;-' 
origiuiU viUves, " tiie vat tiU^ioa of the power is effected by 
the amount of expansion used, and the practice is at pie a en t 
toaaoNa.1 notdi(18iiMlNa)«iMnatartiii£nhoaT7tn°m; 
and if tb« fiiD power of tho eagnio io reqnired at a high 
(peed of from 40 to niilps p.^r liotir, tlit 1A tKilrh (I" 
iadies) is used ; for higher sp««<ijs than this tile best result 
ii ok^ed from the 3d notch (1 ^ ineheo) ; if hum than 
tbia qoanti^ of ataam ia admitted, the incrsaa* is hack 
ariring lhareliwn more tltaii aboort>s the additional 
I (ho ateam-aide." * 



«i Otuft Ci> » w ii iM ((i> si ' s, IMBL 



Again, DO tbeCalprlantan 'R::llnay, the paesenger-engines 
running at speeds of SO to iiU miles on the heary inclines 
of the Edinburgh branch, perform their masinium work 
with an admiaaion of 60 to 60 per oent,, and foil steam on. 

In tho Gnat BiHain, M aaiiaa, it appsnn, <a tho osop 
trnrv. that cvtii at thu liigliwt i-|i.'i'Js, tho admission for 
full gear it aviukblo t'ur iuiuiimuni work. For the tbreo 
notclics, wo find the following presawaa in th* eyiiadar, th* 
boiler-prtTsuru he'.u j, f)S ibs. 



liil notch, M lupli. 
M dOb M M 
Mb do. as n 



tt7'ti Ibs. oUlDGtiTD QtGMl pTesMfO, 

M-Slta. do. 
srtlba. do. 



The superiority of the mean pro«sure in the 1st notch, 
66 ptt oent, admiarfon, b ao dooidod, that we majr fidrlj 
pfam tho mninram bencAeial adrafaaion at not less than 

75 per cent of ihv stru^,.-. 

Again, as to the rate at which the vlTwlive ii>«slu prcasurs 
increases with the admission, for given maximum pressures 
in the ^lindsr } it ban haen seen that in tho 2d aeries^ the 
back presanres do not serionsly tnenaaa with tho apeeda. 
Tilt' means of t\w maxinuitii iwA i-iT-'r-t^'n mean pressures 
may therefore, without prejudice, be taken for cadi uuluh, 
as IbOow:— 



1 

3 



Mj»»— nimSH 


!> collate 


IsfilMii. 






n» 

82 

12; 


ka. 

(HtS 

.11 -.I 
1 


89 
(HI 
44 


mm centahia tha faloaa of th« avoraga 



Tha hat < 

tire mean pressures In peruentagos of the maximum pres- 
sures daring admiaaion. Arrange these percentages iu a 
car««h 167, nt which tha ha»lina a b npnaHta tha 




bfrokc uf Uii-' [li^tnii ilivi.IoJ hili) inches; the three ordinate* 
terminated by stars, are equal to the percentages as measured 
by tlio TOitical acalo. and erected at intervals on the base- 
line equal to tha perioda of admisiioa for tiie throe notelico. 
Ilcsidcs the three points thu defloed hj tlw stars, tho 

priint A niu-st bf a fuuiiSi, 03 llio ordinate .it A must hn 

about ooUuog ; and tlie other end of the curre above B, 
ibr an adniarioa a^nal to tha wliria atrohok nraat taraunato 

soiiiewhoro fiffw 100 per cent., as something must «<■» off 
for back pressure. Thus guided with points, tha OBTsa 

«ln>ws willi aoi'ur.i'ry tlm mte <.[' illl■l■^-i.^t> up tu about 

75 per cent, of adtnisaioo, boyond which the cnrre is of ao 



If the periods of admission be expraiaad in | 
of the stroke, we derive from the curve tho feilowing fbraiak 

for the effective m-an pri>?^^uri> duf t i a Lrivtii admission, 
in perosnt. of tlie nuutimum pressure during admtisiea i a 
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H-O 


fi-.i 


157 


."15-2 


20«h „ 


47 


31 


434 




00 


00 


8:i 


405 


00 


0*0 


7-4 


15-5 


7-4 


IA-4 


3U-I 


I3tb 


1 


3C 


m 




75 


00 


80 


390 


00 


0-0 


Ci 


21-1 


8'5 


21-1 


3n-i 


•* »» •* 


40 


SO 


700 




72 


78 


77 


347 


0« 


1-4 


80 


23-0 


8-6 


24-4 


2ii'3 


SOw •* «*4 


1 W 


611 


7H 




86 


105 


80 


408 


0« 


on 


IM 


an 


IM 


aa*i 


28-4 


MoMt 1 83 




1 


>;-i 


1 


1 > 


• 


-r 






7 


:.u 


- « 1 


10 1 


» 1 


12 


13 1 


"1 


16 


'"10"' 



Digitized by Go(lgle 



PIIYSIOLOOY OF LOCOMOTIVEa 



115 



tiM* No. UV,-(aC0ONS TAMX) 



FlftST SBIOUl— Ur, 1 1 1 ■ niHMWl 1 IWIWi Hi IWI MIIWI^. H IPIM iiimw. ■IIWH WW Mm h h h q 
UOOND SXIUK>.-LAr. U lilHi«nu« *liMmilMIN| ■liWWan^Hlimn. nitunma. 



1 H .rtc !":«»«. 




WaUr-K«mlwU, 




W(. If 




Ymt. 


Total •dMHttoi 




peuM nri»f 

OMlHMt- 








^^-.^luy 1 lt<- 








for CM* 8tnifc«, 

M<M|VT<^^tB 






«MMiy«iIwi|B —nil 












































nkbat. 




1 - 


OL 


148 

207 

Ji iO 

«7 

070 
U94 

em 


0 10 
310 

(to 

XI u 

188 

8sn 

1500 
108 9 
188 a 


18 
55 
54 
18-8 
13« 
193 
43i> 
4U2 
42 0 


130 
86 
64 
674 
324 
IOI« 
1930 
2451 
231-2 


147 
109 
105 
469 
326 
345 
478 

4 in 


140I 

1327 
11 13 
1S84 
1146 
1098 
127* 
1,1 -20 
12 M 


O'rai 

073 

0 >}>J 

1 IMt 
Ulii 

lis 

132 
147 
139 


inns 

10 45 
15 04 

one 

11-40 

11-73 
1111 


71-24 

1U0«0 
101 iW 
28810 
18070 

2(11 31) 
21.-S>B3 
305 «3 

mos 


888 

873 
900 
8t« 
868 

KKiB 
1062 
1178 
1123 


308 
316 
328 
301 
34'6 
366 
88« 
424 
406 


879 
3-94 
406 
370 
432 
456 
476 
631 
607 




MS 


4<M 


128 
103 
15*7 
473 

3G8 

MB 

<ua 
«T 


000 
220 

(la 

23D 
135 
773 
925 
1M4 
W 


59 

loo 

120 
337 
271 
»»« 
U34 
T8« 

wn 


69 
1220 
120 
37-0 
40C 
U«-9 
176-0 
Ml-t 
IMS 


122 
181 

m 

415 

a?7 

411 
482 

m 

Mt 


103fl 
II 10 

028 
13(16 

1083 
UM 

Mr 


OAS 
100 

1 t4 
I -it 
1 m 
158 

807 
MS 


1000 
lOlO 

7 2-1 
12 43 
1! 12 
1> 4i 
0-U3 

U-M 
«M 


5370 
81 01 

70 30 
IMI J.T 
1 M 2il 
■211-Jl 

awn 
tM-sr 


762 
773 
857 
754 
747 
028 
823 

an 

817 


sr* 
ma 

238 
273 
274 
299 
287 

si-s 


a-44 

3-M 

2-37 
.■i42 

374 
371 
8-M 


















MS 


S^T 


IM 

a» 
«s 

MO 
MB 

97> 


oo 
tfO 
»7 
t» 
f-B 

w 


15 2 
250 
581 
35-8 

m-4 


184 

SS-0 
«7fl 

eiD 
8H 
SIM 


90 
176 
340 
888 
SW 
Ml 


7in 

809 
9 00 
740 

a-M 
710 


1-42 
1 42 
IDI 
183 

i«r 
rai 


G'38 
8«7 
799 
5 57 
448 
»M 


31 n 

U4lH 
11062 
94 77 
BM7 

i4grM 


C.'.j 
840 
682 
683 
Ml 
IM 


237 
232 
214 
814 

M« 

sa-a 


296 

Z W 

2«7 
Stl7 
SIM 

s-is 




















SM 














4«k«l» 












200 
393 
301 

as>7 

411 
593 
490 
MS 

Mr 


500 

2.1 

54 

40 

87 • 
US 
104 
MO 


7«3 

«a 

138 

82 

i::a 
247 
147 

ar* 


1!7 
<j'i 
Wii 
128 
216 
KO 
34-1 
814 
1M« 


ion 
»m 

407 
450 
469 
MS 


13 32 
1SB9 
1011 
15 30 
1389 
l'.<-.-J 
1 1 

1073 
UM 


1 00 
082 
100 

082 
OKI 

1 l.-i 
1 Ml 

!3 


1232 
16-07 
15«2 
1448 
12-88 
14 41) 
IS-r. 
0-38 
1*M 


8083 
12453 
15946 
168 95 
170 37 
2111 M 
2H7.1.-. 
22300 
SMDSr 


817 
758 
741 
7B0 
767 

~M 

TyiJ 

848 
MS 


295 
274 
288 
276 
274 
2'7 4 
ZD 1 
304 
804 


3-m 

3^2 
335 
344 
342 
343 
365 
888 
ft 






sas 




SS6 
213 
X!B 
310 
4M 

m 

Ml 

MO 

738 


00 
31 
00 
00 
80 
«-5 
» 

4£7 


130 
175 
lUO 
274 

Ml 

mn 


134 
20-8 
lfr« 
274 
482 
S|« 

ia* 

•0-1 
USD 


243 
1»4 
909 
293 
858 
4«7 
487 
450 
003 


12-19 
1033 
12-50 
1065 
1087 
11113 
878 

s-es 

10-84 


110 
1 35 
1 IB 
141 
1 48 
128 
1-3S 
1-84 
ItJI 


11-09 
8-08 

11-34 
0-14 
0-30 

10«4 

r43 

T'll 
8-88 


01 

78-67 

116-7H 
lU-'.2 
141-50 
l»»» 

i6*«r 

I7IMI0 

237H1S 


664 

700 

<M7 

mi 

687 

•M 

•77 

800 


83-7 
26-3 

2^-1 

24-i; 
24-8 
SM 
SS4 

a*« 

SM 


2- flO 

3- 16 

a-')7 

310 
MS 

s«s 

MB 




ats 


ana 


m 

168 

256 
253 
311 
300 
87* 
Ml 


0-0 

l'» 

0^ 
2-4 
0-0 
0^ 
«*3 
0« 


35-1 
25-5 
28-5 
07-5 
40-4 

<»-o 

80-8 
188D 


35-1 
27-4 
2U-5 
39^ 
40-4 
flUD 
91-A 
MM 


159 
1311 
228 
SI3 

*2'"''Z 

2)>3 
MS 


~rM 

c;-ii) 

B-20 
0-87 
7-20 
H-08 
5-&8 
M4 


1-85 
1-70 
1-42 
1«8 
1-49 
1'85 
1-70 
MO 


(;•.').-. 
i-M 
678 
6-19 
ft-70 
4-23 
3'70 
4>M 


«H10 
42-28 
(W21 
70-64 

a6-»o 

74-02 
81-38 
1IS18 


643 
537 
525 
637 
566 
640 
680 

asi 


19- 4 

ia« 

807 

20- 5 
19-6 

21- 7 
»l 


2-46 
2-42 
SM 
S-M 

2-30 
2-44 

a-74 
S«l 




Wl 


2-SI 


17 1 


18 


18 




81 1 


22 


23 


21 


25 






28 
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RAILWAY MACmNSEI. 



d«n«lra til* pareMtagt of mimimum, aod r, the ciaotive 

mean pr««»are:— 

r - 13-5 /a-'tS (7 ) 

WhuiM til* following tills, 
tvu VII.— 3V /hi Ikt JlSfiilhf JTmh Pmmn tie 

CyliiuUr, tie Maximum Prmwrt being ffittn, ami the Period 
cf Admittion. Find the aqoars root of the period of admis- 
tiou expre«8«4 in iii-rccMt. of •troke; — multiplv bv 
1S'(| — KoA ■ablnct 28 from th* prodoei. Tli* ranuinder 
ittliii •ffaeliTO iMM prmm fn pnMkt. of tlw dMnmam 
prrseore of (lie sUwn admitted. 

yote. — Tbii rule applioi to aiiy dim«nsions of cylinder, 
with proporliom like those of the (ireat Iii;t.iin. 

JSnu^U. — Given, tht muumuin pressure in the c^lin- 
4ar oi|imI to 90 Ibo.; tht juM of admiHiaiB «qoal to 
9 inches out of 18 taellW Otmkf^ R*),«if«d, tin «ft<tiTe 
mean j>r««*ure. 

9 X 100 

Tte idniinon » = 30 per wnt. of the itnikc. 

TIm ■qoHO Not of 50 n 7-07, wd 7 07 K 18^5 » 95 5 : 
tim M'6 — 28 = 67*5 pw wnt, fo the tAa^Te mean 

pnoHiTe m pit «ait. af tU OMxia 

(jO'75 lb»., i» the pressurf in [■oun ls. 

Xkio rot* iMiog boaad npun the arerago rawUU «( verv 
Tiriow wpuu^ Um wMluian it jiMt «iU U olfi^tly t<^ 

small for the lowest apeed*, and (lightly too great for the 
faigheat; bat these deriationa wo hare eonaidered of no 
practical moment, especially as the ani.-ill tirmr ihu« 
difiiM. At 40 milea, or 560 f««t of piston per miuuto in 
IIm Omt Briioin, tlie daviotion is wMliii^; and this b an 
ordinary speed of piston in both puaen^r and gooda-engines. 
The rule also ajiplies without material error to periods of 
iidmiiisiiiii fruiii 10 (0 73 per (.'cut,, atiil to iiui\iiiiuiii pre*- 
aorea ranging from 60 to 100 Ibs^ or ereo 150 Ibe^ for the 
sbasnts whkh nfukto <bo oiwtivs nsn pfwrnnr^ Tary 
TMT much in thoiiaM imtiow 

By role 7 w« turn following table of effectiTe ne«n 
presaares for admi«»inii!< ailvarn-iiii; liy twenticili^, or inter- 
vals of 5 per MUU of the stroke ; most of these are abo 
1 in otnom Ibstiens in tho hat two < 



1 v!ii.i.. No i,v--OF Erri'crivr. mk \n" pbkssutiks is the ctijn- 

OER, FOB VARIOUS ADMISSIONSI, AND FOR MA2UUUM FSESSUKKa 

Off ss ua 10 vs tJK 



■ -J ' A 111- 




I'-i ,,1 , r I1r< . 


i,n>i,-.if Ml ,1: :rT,- 


. ,11, II, r -rul 


• In pu ocat. (tf 


•■i.'ii, iri 'rift .uri' 


ill [...'t. ,1* 




iwniwim frTMiiT. 














ID 


la 




l-7th fully 


Its 


M 


]-»tb 




IS 
174 


ti 

2S 


l-«1h 


t~*lb 


20 


3-2 


l-'.il, 




S6 


40 


l-4lh 


I-S4th 


HO 

s» 


4« 

K 




l-2d 


40 


87 






4A 


62 






M 


07 


l-Sd 




M 


72 






(10 


77 






<u 


81 




4-&tlii 


70 


88 






T« 


80 


3-4Uit 





Of tit ffant-poieer dmloptd in tit Cylinder. — The power 
stated in col. 21, of the table 54, is that which is left in tA« 
eyLnilrr, after all<>w,iii?fi fur ijrawb«eks. The greatest total 
power exerted is 1005 a. r. (bons-pomr) in No. 17, st 
mils*, in tlwOdnotall,l«tseriss;tliodnwbo^«lridljio 
b«ck pressure, amounts to 262 a. p., or SG per cent^ leavinj; 
a balance in the cylinder, of 74.1 n. P. In the Sd «erie«, 
the drawbacks ar ^ iiinr-li \r">, and .I'Toniiiii'lv, in No. 33, 
1st notch, while tlic total power is 907 a. or about 
100 a. r. IsM tiuD in Nsw 17, tho nnUalils pswor m tiw 
cylinder is 763 n. P., or 20 H. P. more. 

As. upon the whole, the eflfeotive mean pressure is fountl 
to vnrv witii tho pcrioil of ailiiii?5)oit. thi' 'jl:V>'; ivp hor.-o 
power, which is fonndcd on that pressure, miut also vary 
with ths adadsaion, in tbs aama latio ns tlis sftetivo 
pretture. 

of the Contumptian of Wat^ and CsXf. — Under each 
H ili'h of the l»t, isfr^.'s the coti»uni|''. ' 111 ol' «:vli r ar. I eoke 
[i«r cO'ective horse-power per hour (iaal three cols.), rises 
very obvlowl/ the spe«d, owing to the grsStST losasa 

bybadtpfcannatthsbighsrspssds. In ths Id astiso, m 

the loma an ravdi lets, the rst* of eomnmpliot] » much 

less variable, indeed ne«rK- lon-rar.; ; .-iml in th • ,'tii noicli, 
it is virtually nothins^. If we lake the tni-su conanniption for 
each notch, the variation from the moan will bobnt trifing. 
\V'« ban, thsn, finm ooL 27, ths foUowiag auan oonaanp- 
tiooaof aratar:— 



Istaslch, a-aitB. 
M do, M-SlbSb 
«di ds. SO'lihs. 



psr hsn^power per boar, 
dsw do. 
dsw do. 



Arrauico these quantities in a curve to fin ! lln Ir rili of 
variation. Thus, fig. ICS, let a a b» tlie stroke of pistou 
dividsd into inchia; ftr ths psfiods of admissko, M, \\\, 



Htm 



4- 



1 1 1 I i»IL 



rr i n >>«|>m wO l M )l ,lin <mwSl«B».|«i I. f« Invars 



and 7 insbsi respect ivily. drawordinatsssqol to the weighi.4 
of water above given. The upper extremities of llie« onii- 
nates are found to range in a siraii^ht line, OD, which meet* 
the vertical AC at 14 lbs., an<l b n at 3<> Iba, Thoonm is^ 
iu fact, s siim^t line, showiqg tint tlio sonsnmptlao por 
ii.r. per hoor inersasts nnifemty with tlw period of admis* 
sion, commencing with a constant quantity of 14 lbs. Tlio 
total increase is 36 — 14 or 22 lbs.; therefore, for each extra 
inch of admission, the increase \t\\ lb<>. of water. In 
general, it follows that if we ninltipljr 22 by ths psriod of 
ailmisxion. expressed as a frsstion of ths whids stfoks^ and 
a<ld I t to till' |iir.i!iii |, 1 111' sum expresses the con.iumption. 
Thu>«, let a = llio perioil nf admission iu peroMiiag* of the 
stroke, titen Tsr aipwa i s i thoaaaM aaaoanumn Ifaetini, 
and 

liie coa*uiti]>tioa of w»usr per u jr. }/at hoar ~ ^ ( -jJu ) r H 

— OilCii-i-M (8.) 

or, verbally, 

Bvu VIII.— ro/nd lis Qmmmptioa «/ iroftrosdfesnai. 
tn f i snn d spsr dswi ^ SMsr par Asv, /sr • fitm ftmi ^ 
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admimim. Moltif^ tbe period of admiMion, opnnod u n 
ft |MM«nt> of tho ttnke, hy 0-21 — 14 to the pro- , 

daot. The rom i» thf if'qiurcfl c-r.nsiinipt!iiii. 

Fur the eaoaamption ot ooke, altowmg 1 lb. of enke for | 
tiie erapontioa of 8 Ibo. of «»t«r, we bare only to dWi Je by 
SihitMter m Bborobudi or, diridiiig th* twwt «( tb> 

(lwMmnpdM4faek*r(rii.F.p«rlNW — f 

s 

— iM3io + 17< CO) 

or, verinll V, 

p«r kortt-ftOtetr fn r hour, fur n <j\rfn fu rhsl uf nJii.itiinK. 
Multiply the pericxi of atliniiuion exprenMl in per«<?Dt. of 
tbe stroke, bj 0275,— md add 1'75 1» tht prodnei. Tbe ! 
no is thsnqnifMl Mniumption. j 
TImm ralea unit be employed without MMibls «mr for f 
sdmiMions varvhi^' loi«>-tii 10 and 75 prr iMit. i.f (!io 
stroke; and though bawd ui>on roMilts lirom ttcam ot' tbe 
maximum preesures orso Um. toMib^ia tbo ajUnder, tlicy 
apfdy with prastical aecuniey to piw i ui ia naging (ram 
raiba. tolSOll*. For preMury eanddenUy djfmat from 
80 lb»., there .iro ali-ht ilt-viatioiiB by the rule frrmi tlic r. r,! 
(joantiliei, the result* Uiug slightly too ain&ll for ike lower 
pressures, and too great for tbe higher. The deviation ii: 
duo to tba aanlaBt dadnoUon of 15 Iba^ for atnwaphsrio 
resblansa, turn th* total pressure of staam. It is. bowsvsr, 

lut 9111.^11 ; fi.r < \ I'.p' ' i'lr tiO lii". >tL-:iiii. nf To \h%. total I 
{>ri:^uro, tke atiMoi-[ih<^rt' iic<iu£U {ih of the total presaure, 
and for 80 lbs. steam, -\ jd, then (4 — - »-) or -A^h is tbe 
deriation hy dsfsstof Iho rssolts by rule ior 60 lbs. steati). 

For 100 lbs. steam, tlw dsTM^m is xVth by excess; for {| 
120 lbs. it it iiv excess; and even lur \M Hh. siivim. ;t 
iaouiy j^tli by .;\cffl3. For tliehi«li«r prcsiuree, thou, irhicb 

will be vsivonaliy u!^''d m future, tbe rules forsake and j 

«Msr, naj aafslj bo amplojad, aa their nanlts ur on tbo | 

safe aide; aad Aeas oomtdantioiia sbMr that th« rdatire i 

stlvantsge of high preisare steam, in reducing the opposition j 

of ih« alinosphrre to a ninaller fnciion of Um tot*l prsssars^ i 

progresses but alowly for presaarss above 80 Ibe. The eidaf | 

advantage is to b« sought for in the liberty of wothiiig movs I 

expanjiively, while the same power is developfd. i! 

7"j'i'' of ilif Ejjicii.-!,':! Steam by Expaiuion. — Aa the 

practical effidrncy of stoom by espansioB is measBred uiti- : 

aaately by the eaamnptioDefiteaai, or water as steam, for | 
tbe tame week done, we can, 1^ the foregoin^r rales for iln'l- 
ing this, dstermine dircekly iks comparative economy of 
steam eaCoff at variooa jiarte of the atnke, by the tiak- 

mulioo, L 

The feihmbg table fmsnto hi eeatnal. the nhrtiveefi- | 

eieney of steaa worked expausively in th«> Id. oiiujiir.'. | 

finmd in aetusl practice, and the maximum rtilativc i i:ii-iLiicy i 
by Boyle's law, acting against a vacuum, without clearance, 

hack prsssBM, or so mpf se si oo, and fully eipaading nntil the i 
sad of the atndw. The td eelaaa^ ef walasbosnsnoiption. 

Is found by rule 8; the inverse ratios) of thw quantities of j 

water are ountained in the 3<l column, ti^e cou^unipiion tor II 

lOD [i r ciMU. I><?ing expreaeed by 1, or unity ; thus the ! 

actual relative cffieieosy of steaai is fouid for varieas adaiis- ij 

aiaoe. the Mi aeliimB sesMwas the maKhaam leUtive H 



efficlssMf with » sasaam an the eshaatt tUit, aa abeva 
explaiDsd. 

In ihf 5th rolninn arc E^iwn the relative amiiiinlfl of work 
(iune by aiema under various admiaaioiis. These aro of 
course directly io proportion to the sftttifa aiaaa fMNaiaa 
found by rale 7. and are shnply tnaairibed bm the M 
oolamn ef table Vt. SS. 



TABLK Na LVt — EmriKM-Y or >Tr: m uv Kxr,v\f>:os is the 

CYUNUKB I If rilK UKOMilTivr. IV -V. II ,H. I'KACm E. FOB 







lif .tnua la wtlul 
pfactice. 


mum tkiii* 


Itt mtMUtm itl irte 
MOK lauiOTat 


10 per cent. 


16-2 lbs. 




,1-tlO 


IS 




ii;7 


2 15 


:itiB 


So 


» 


17-3 


2-oe 


2«> 


24 


IT* 


1-3 


S-02 


273 


28 


20 


184 


I -on 


2 tiO 


92 




19-A 


I'M 


230 


40 


30 


80-0 


I7i 


220 


4tf 


.-1.1 


217 


1H« 


roa 


42 


40 


22« 


1 118 




67 


4o 


S31I 




i-ao 


<1C! 


Ml 


UO 


1 44 


ISO 


<f7 




SOI 


I 3a 


1 fin 


72 


«o 


273 


iMi; 




77 


tu 


S«3 


127 


l-i:: 


81 


T(» 


2»4 




l-.1o 


85 


75 


MS 


118 


I-2H 


m 






1 00 


1-OU 


lOO 




* 


3 


4 


« 



Here we nee that the actual efBciency of »team ineres»es 
with sxpaaaifs wotiiii^ at a arnck alowar rate than would 
be possible If e««ry dnnrhaek were rsaorsd. For example, 

III |iractiee, an 8i1iiii>i!'i</ii nf Id,, ur 20 (kt ci nt.. vidds, hy 
ttiis table, just about doable the eliiciencr due to a lull 
admission, — an increase which, without any drawback, 
would be aeeemplished wHk id nJiaiwiBn. Atmoepherie 
neislanee saaoot as yet be rsmorsd by kaewn nsaae ; bat 

it is tint if tlif clcariii.ce in llii; cylin'irr and the 

ports could be reduced to {loiiaing, the r«ia(ivc ellicisDoy 
would be materially incMased. 

A period of 7< per cent, being in piaetiss the grsatsst 
UBsfnl admkstoa yielded by the link-motion ; baring found 
ai d. wluTi <ii.-<iniisiiiL' tl"' iiiik-niKtiiiii. tliat almul 10 prrcciit. 
is the smallest possible admission, if we compare ike relative 
•Seicaeica of thees cxtmme, aaaMly I'lO and t-H, eol. 9, 
they are iu the ratio of I to 1*9, or nearly I to S. Thus it 
follows finally, that uiwf**- iie me*t fmotiraUt erUduff cir- 
cunutanca tkt tUmoH pcmble efieimieii oj' fUuri, tcorifJ 
ttpmmnig m UaMMtit* mtfimm bg tkt iini-nuAiim, it about 

tki lame quantity of tttam dm tmc$ lie tpuiHtity of uvrA. 

Now, as an example of what wimid he saved by annibi. 
latiu^ the clearance : if this wen- ilnin- m the Qrtat Britain, 
we woold save 1*8 inehas of steam, iu parts of tbe stroke, 
i^eh weaU amenat to (SMf^T X I'd) er 468 eabie iaehse 
of steam, equivaliT.t to 1-55 inches of water, rcckonin;j 
for 84 lbs. steam, lu llie 5th notch, 5-08 inchoa of water 
are expended in one stroke, for steam of th:tt |>r>ii<Hiiii ; 
tbs proportion ef saving would tkereibre bs = SO per- 
ceaX, ia fhia natoh, and the selativa sAaienry with leapeet 
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to full gear, 75 per cent. ftJmnaion, would U mami trooi 
1-5 to S-13 ; that i*. with %n Mfarfnion of 29 per cent., or 
a Kule lea* thm wm ihirt «f titt moiw, 
would b« fully i»M» of what ■ dw to fall gmr, wliwh ia 

moK Uiai) wli.it is atUftiiiUc imiier presant arriit:;finpnts 
with th« «iii&Il«t a>in)i:Mioo, 10 per oent^ or oue-tuntli ttH 
the stroke. 

Omitnl ApplieatiMt tflia Jvnftaig Jltie».—'\xk aU wall- 
IMotMted cylinders, with Uaat^flaaa not graatrr ttm ^|th, 

tlieso ruloa apply to tlic a.-tiun nf Kli-.iiii, link- 
motioD. at »U afweda under SUto -U) uiilr^. us the propor- 
tional total ateaniioa ia aiaeh Um aaroo in all cues, and the 
haolL asliMal i«iHM whM angina and iwitflr tra in gpod 
workhig toodftfoo, ia s eovpnttKra trifla. Tb the lat aariaa 
of tlif Groat niitaiii, fur ix.iiiiiil<>, tlic mean ouiiftQioption 
iif water per hor»e-powcr per bour for rpeods under 30 and 

Istmiteli, T^lwrceoU, eipcriinmis 1 to 4, nri lh«. watrr. 
3d do.. 69 da, Ju. 10 to ID. 27 0 Itw. 

5lh do. 40 d«., do, ISto^ ZSt'S 

Now, by the contents of column 2 of the tahlo 5(>. llie utat< r 
aiad wmld ha AO'S, SfO, and 28-8 Ihs. respectively, which 
m virtually the aaina aa <ha«a Jul ibond in act sal practice. 
For the hi^uwt apaada of SS t« 69 milaii, ttw aataal oon- 
Euinptions ar« decidedly in exce.^s, .is they amount to M'6, 
Sl'Ut and 25-5 11m. raapectively, or from SS to 12 per cent, 
of aXOm^ or loss by imperfect exhaust. 

For tn^nea like tha QrieOt the Nile, and the Hebe, with 
porta of about -^iCa, andorHiaaa I'sth to i*rtl> of the cylinder, 
the rule also :i].5>Ui-r9 for tliv lower apeeds; lii-eaiise, ihn lack 
•xfasnit proMure in these eoji^inea is sensibly ih« saino a« lU 
tlM 1st series of the Great Dritun, as we find on referenoo 
(a laUa 37, 9S. Whan the Ofion nunritbgaodolau 
witar in tha Imilar, tha haak ohniit immio «h aaailily 
nothing, at the obs^rveil apeeda; and we rn.ny iufcr that 
with aaginca proportioned and arranged tike the Orion, 
whan tha boilers are puftl d y alean and the water pure, the 
ralat founds on the o wn ya pnotioa of tho Qmt firitoin, 
Sd t«ric», may be adopted, aa waAod out n taMa S6w 

Sh.irp's tuiriuo, tlin IlL-bc, E. iiiJ 0. R., as we have «o«n, 
wiredraws the steam very considerably during admission, 
owini; to tho ioiill hp and abort tnml of vilvo. Wbe- 
drawing ia ojnoBjnioao with partial ospiiiion, and ia o^ni* 
Taint to aa «Htlar auppraasfati. Mr. Banna tma tho feat 

1u piiint out. this cli.iractflriifti?: of wiredrawing'. " .\ri 
enjfiue," ho aiiv*, " witli i--iiouL:h upon tlie s-Atts to eul 
off the steam at two-thirds <>l' tlK< ^itroki', may, by the aid of 
windnwing, ha virtually raodtredeapaUoof cotli^goff tho 
(teaB>toii»4hiHofthoBtnhai"* nwbanaitofwiiodniN 

in^ is. lioHLiviT. rufri-ly inciJclital to u lews pLrfcL-l action of 
the vftlve ; as, w<jie ilie valves of the liebe so praporttoued 
as to exiinguisli wiri^Jrawing, wawoald baanahled to cut off 
aarliar, oh4 <2» OaaMMMri fat j(MOk Bat,M 
cvpanaiv#>ivoi1ti^2 vadnaio tho alllMltvo nuon praamia^ and 
(•.]iisi-(jHfTitlv the work done, tho maximum i-xp.insi.'in is 
lejfuiaiud U>lh by the work to bo duut; aud by tiio greaUj&t 

• C4((dUin «/ tkt Suom E»em*, 1848. Aim oMiead io Iho 
At*Mmn JImwoJ; l»M.Mdertke£ditank^of Ifav Bgioa. 



initial pfdiisuru aviulablu in the eylinder, or by the pressure 
in the boiler. 

Ill itartiallj protortod (ontaido) tgrliadan, tho franlor 
back preaaara e w aia » ^laalai iipwilHiua of w nt ir an 

steam for thn sainn work •lonp. IiiJf[R'n<lfn<ty of the exc»>M 
I cuudtasatjtm. Tlie cxecsa by luaek preisurp i.s, we 
have seen, very variable; but the beat result* for out«ide- 
eylindats, in taitlo 87, Arandad on nlaoaa-praaauna tindar 
40 Ibo.,— gmsnUy oImwI SO to M Ibtw-^ 40 to «> Ibo. 
during' al^mi!l.^ion, !<how that with an f.rifioe of ,',.th to i^th 
auJ iuaidfi li-a'l of iih to tV (No». IS, 12, auJ h\) the loss, 
in regular work, '\t about iliv same as for the Ist aeries of 
tlio <iiiw» Britain, and ttw eoao««iptiona «f atanai, <m smIK- 
oolail will Onolbio hotho SMno pop h o wo- f owar . Whoi 
the steam ia worked under fall gear, and exhausted at pres- 
sares above 60 or 70 Ibs>, with steam of 90 to 150 lbs. in 
tlip oylinfJor durins: adnii.«=ion, tli*' hai'k prt'.'otnre is propor- 
tiMially much less, aa we have already had ooaaaiaa to 
ahwt (6|a. 140. 141, 148), and, indaad. In tho kat aoao. 
with the England, pa;^ 94, having an orifiee of f ,*^th, with 
{ 140 lbs. steam, and <>.f per cent, admiuion, the exhaust was 
four.d to l>i» a? jood ,13 (liat^.f tlip Great liritain, with tlip 
■ tame onlice. It follows that, as exjMNod oytiDdera exhaast 
as freely as well protaetod ooaa, nUh otonm alwfo 90 lha. 
and an ■^■Tt^*w of ahova 65 per tmX^ the eoiuampticm of 
water indinttad ao attain onder theae conditions, will alio be 
the .".ainf. It would be premature 10 aiti-nipt any iiio.JifKsa- 
tion ol the formula, to suit expoaed cylinders, under all cir- 
cumstances, till we shall have approximated more exactly 
thm hao yok h«M dona, to tho ml amonnt of oondtnoadon. 

OhwIwI^ AoMwIt. — Wo hsTO aaan bow mneh tho 
riK'^liiiiiic.il <'IT;i:ii.-ncy of (team is oppo«\l by atmospheric re- 
sislanc^. and impaired by clearance and back preasiire.. It is 
knows, al.w, how!)evtirelystmMaafftrabyeonden»»iioii in the 
e^indarnndarotttoinannniatattcea. Theae are all impedi« 
moetttothaeoniilaMaaeeootef expansive gear. Another, bot 
leas ohvious impedlnipnt i.i th<> ivioptioii of a low standard of 

il boiler-pre^urc ; bcf.auiai) the the head of preasure, the 
greater ia the rektivei lata by tlie atmosphere, but pihM^ 
pnlly hooiato (ho osponoi** ja wt ioi of tho TnlT»fitnr an 
lata availaUa. On iofol railwaya, Kka tha Bdhihngh and 
Glasgow, tliia ol.js-otion exists with greater force than even 
on railways with steep gradients, like the Goledouiau , 
became, on the former, tho pull is nearly uniform throngliout. 
and thonfon a eonatant high prtasnre in the boiler wonld 
ba tho mora noaaataiy lor carrying out great expaaoion t 
whkTfa.''. on llit^ lattiT ('las'! of liiirt, u lower lioili i-iirCTsure 
ui^y suJhcii for purposes of great cxpausiiiu, <i\x deacending 
gradicnta wheio ImC Uttlo Ottam is required. MoreovoTi 
thoavilof knrpnainnliiaawohavafiirand in last ehaptor, 
l>rtaUr agipamtod by tho rtoittin tt of the poaaagoa to tho 
flow of 5t(am from the boiler, at high speeds, which roduccs 
the av&dabU pressure ia the cylinder, prtit^ist-Iv at the lime 
it is meet wanted. It is clear, that, in ^'caeral practice, 
oattii^ off ai half attoite ia ntkontd good work far flspoaaian; 
\ aadvoiyniolyindoad btho admoioniodMad htbwSO 
pt-rctnt. of tlio Plrol'ii. Tlifff is no suffirlcnt reason why 
the ullimatu expaus.iuu of &tuiBi Gutinrced ia oertvn claaiet 
of stationary engines, should not b« moro thoroughly fol- 
lomd oat in tho piwtioa of looamotivtm taaing that by tho 
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link-motimi s miaiamm m ipp mrim of 10 to SO par atnt of 
tlw rtrak* if ftvuliUA. We hm already ahowo that l» 

expo8«d crlinden, tlia Monomical tuo of uxik-iiiHinn-^^ear ia 
limitad by Um fiwmidsble condenaation that atti-nd!) great 
MpMttim. Ill ill kcomotive cugbus, il ia essetitial to tlie 
MHHH of oynaiw imriiiaf» iktjk tb» eylind«ra bo 
tnU prtMeUd nd mil haalad : Uiife dl tbaitMun-|MMagM 
lie widfi an d free ; that th« valr»-gear be iiialiilainnil in 
firctratfl oniet, »> tliat early •oppreMtona may be eil'ect«<l, 
because the vrear of cht^ valve-gear delays the moTements of 
the valve, and lengthene the adoiiaaum, eapMia^jr timrdt 
mid-gear ; that by improved arranceuMnte, tin dmrunt at 
oach end of the cylinder ah^uKl be redured to the lowest 
poMibl« fnctian ; and that a high pniM«ir« iu tho boiler, of | 
100 Ibt. to IW tin. «lK>n1d be constantly maintained. 

RaoamvKAZioi.— 1. Wou ia an tamtkn. of fmsore ! 
thnw^ space ; and the unit of work la tha lahoQr nceeasary ' 
to raise one jiouinl tlirouu'li Uio hiM:;ht of nne foot. Horse- 
power expresses the rate of work dooe, and one horae-powar 
ia eqQiTident to worii doot at nto of SS,000 ponda 
me foot 

i. The efTeclive mean pressure on the piston under the 
action of steam, is i'(^ual tn tht: dilfemiuo of tlio inciti 
poaitifo aad back pressores, as indicated on the diagram, 
and Aa Mw of Um di^mi ia » ■MHwe of th* mk doo* 
daring one stroke of tbo ptotoo. 

8. The horse-power of a locomotive, developed in the f 
cylinder, is estimatpJ from the diagram in terms of the [ 
apoed, Um diameter ud stroke of piston, tbo diamater of 
tha driring wheal, aad d» effwtba mean praasiue on the 
piiton. 

4. The resistance of the atmosphere on the piston is 
virtually constant imdor nil conditions, heiii;^ aliout l.* 
poBDda per at^nare inch. The greater the staam-prcssura, 
thonftnv tho ieoa ia tlat reoMaMa in fnportion t and 
Iience, partly, the advantage, in point of eificicucy, of 
employing; steam of higher pressure in the cylinder. 

."i. Tli't eiipvriijr efficiency of steam wurki-d i-xiiciiisively 
is dn« to the work dooa hy the ateam during the period of 
«qpMiiiatt,ad«ptatlM«Bd«f llMttoHMtiolw; Hiddio 
to <Im MdiudM «t batk nhm Mgmmn bf an oarilar 
release. 

6. If i<ti-aiii bo admitted to the cylinder at the same pres- 
tm, the work done dvriag eipaiiaieo ia aotoall/ iMrwHtd 
w tho potiod of idmiHlaa ia rediMid, BotvHhalaBdiiif I 

there ia a smaller body f'f steam to bo rxpan lt^d ; am! 
durinn; the c&hauat. till ilm uud uf thu stDiuii-struku, tins 
u( rk done is sensibly eotutaat for all admissions. Thus, 
the whole laefol work done bj die atsom aubaaqvenUj to ihs 
period of Ita odmlaaioo, fa alioaiiitoljrfaMtcMMd aa tho odmia* 
aion is rpdurod. 

7. The loss of UBtsful cipaiuivi' furco hv a " premature " 
relsase of the steam worked expansively by a link-motion, 
is • men trifle, practically ooUuqgt and ia much mora 
than companaated by the preventkn of back pnoMire. 

8. Thn re-iuhs from tho Oroat Brit.nii:, — witb well pro- 
tected cjliudin-ji, port about jV'li, oriiiec ^Vlh to 'A^th, and 
inside lead about iVth of the area of piston, — having 
been firand npon the whole aoporior to Ihooe dorived fnwi 
tlu oOmt loMNDOtim aalijeetad to nperinnnt, th^ are 
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a—mad, ilMr pnaont parpMM^ to bo atondaid practical 
raoalu of tho a«tioB of oIobim a ioBO—iwaa, wciked by 
link-motiooai and tlMgr ibnii tbo btafa of tho Cdbwiaig 
obaervatioaa. 

'X The kwa of ettoieiM^ by back exhaust pressure varisi 
ao dw upatt of tha ipaed, and iaTotaaljf aa tlm a|aai» 

of the ana of Uaat-ettSoa. At 60 miloo, or 840 Ibet of 

piston, thi> hs^ iu full j;<-»r niiiounts to from Jd to iV'ii "f 
the Khols power, wlieu the orifice is enlarged within the 
practical limits of iVth to of tha piaton ; in the 5th 
notoli, suppraasiag at SO to 40 por mtt^ tlw Imb at tlio 
aamo speed, and within tho oamo HmHo of oriioih io ftom 
1th to nVth of tho nliolu powor. At 90 mOoa, dw loto ia 
from iS-lh to iVth in fall gear. 

10. The resistance by eompres!<ioti riws very slowly witb 
the apoodt it nunaoea ako with the degree of fxpaaaion, 
from ahoat 8 per eont. in full gear to 28 per eent. in tbo 

5'h notch, — hv which in tho Uttt>r r.rise abofl uao fcuidl Of 
the power is neatraliz«d by cooipnission. 

11. At the highest speeds the wMb dnMPbaok by bade 
prcoanra ia ueariy the aame tot all degrseo of expansion, ao 
what is redneed In exhanst pressure is made up by com- 
pression. 

12. At the higher speeds of 30 to 60 miles, and with 
lieavy ieadi, the fiaalaat work done by enginsa g w n wi H y, 
having porU abovt i^rdHaiid Uaotorifioea iVth to -ftlh of 
the piston, is efleeted with admnaioiii not greater than 6C 
per cent.; Elinnin;: that the gtOOlMt ofilctiTO pnmin ■■ 
obtoiaed with this admiaaion. 

IS. 1» the Great Britato, with the widar port and wider 
orifice, tho greatest useful admission at high speedawltii 
heavy loads Is at least 75 per eent. of the stroke. 

14. The fffcftivn nie.in pros^itit' in the cvliiiJcr variots 
with the period of admitaion. For an adausaioD of threo- 
ftwdia of tka atntaK li la abaa* 90 p«r onL of dto mad* 
mum pressure; for half stroke, tifa (7 por 4aat>| fiiroa^ 
fourth stroke, it is 40 per cent. 

15. The con8Utii|>iion of H-nii.T ai $t*aM under the same 
noteb, per iuwee-power per hour, ia piaottoailjr oooataat for 
aUthoopaadaobaomd. 

16. Tlie efficiency of steam worlted exp.iiisivclv, increases 
uniformly as the a^Jmij&iun is aliorlened, uaiil for 10 per 
cent, admiaaion it is just about double the efficieoijy of 
ateam under oidinary M gear, or 76 per east, admisnon. 
That la, the oteam, when vargti to the oAmoet degree of 
rxpaneion by tb« liiiV-iiiotloii, dom about twieowniHhwork 
ptT puuud weight aa \s-\wa under full gear. 

17. Accordingly, ihi^ steam consumed per horM-power 
per hour, variea from about 80i Ibe. in fall gear to 16 Uw. 
with 10 per eint admiarion. Tho eonaampiwn of oekOi 
allowini; 1 Ih. for S Il<!:i. uf water, varies in tho same Wtff 
from 3 S ihs, ti 2 Iba. per liurso-puwer per hour. 

18. Tho clearanc« between the piston and tho falva 
should be redneed to tho smallest practioable amooDt, aa 
tho nrnoval of diaianae adda to tho eflcfaaej of the 
steam. 

19. The preoediuj; conriuaions hold good, at speeds under 
to 40 milae, or about 500 feet of pfaton per minat«, for 

all cylinders, in good order, with parte at laaat Ath, and 
Ofifloe ^ih to of the piston, and hating, if bat par 
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tiailv proiect«d, to ,',th < T Iiih.U' hxi. A', tlio hiKhost 
■pc«dii, of 55 to 65 milo*, for passenger eu^inea^ «r ibwt 
600 fe«t of pivioD, (qgiBM of tfa* tbvn praportioiii eoBMin* 
hy ba«k prenoK an nmn afM to IS |Mt emtt, afvatar 
abore wiini U ■^'n cn hy ihe ral% Uw MHWi Mif Imh 
tlie adniusion is sli«>ni»ui<d. 

Ill |Mftialty protected cylinders, additioDal allnuanee 
must he mad* for ooodeuiliao, |iuticiilirij wlun tfa* aiKi- 
num pressnrM tr* andm 60 Vm. WImii tb* inucinnm 
presaur' s ar.j fiO IIh. and npwanJf, an i with ahore 60 per 
cent, adiimsioii, tLyr* is lea* coD<i«ii*ati«in eom{MmiiT»ljr, 
nod A* 4SlMu«t is practically as pood h in wdl 
cjUndoB. But, for highly expaosive workiag, ao 
at alami, lunrovsr great, can prevent the gmt •fill of «»- 
Sensation. 

20. Wirc»ir;i-.viiiu' li.v liii- valve i« rrftlly a partial "expan- 
sion,** and h t'r-iiivnlt rit, io its action, to an earlier sapprei- 
•ioo tbaa tlut witb whidi tlw nln is <MliKsibl v working. 

SI. In til iMmnettvMi th« fhenrngli dBeieney of sttam 
hy expansioD i;in l^p iterelopcJ onlv "i-li protertin;; and 
well hvattUj; the liuders and Bt«ani-p.u<»i^i!8; bvprOTidini: 
wide and frp« stram-pMnas^ ; by niaintaigioK tho Talve- 
gtar ia tka but ordart bj ndudng i1m cImmdm each 
miut At cjlindCT to fli» bvwt pvHiliU HBwmtt tod by 
the ■doptiea U » aaOcHBtlj hq^ f mnn ia th* koSir. 



SITB.SEOTIOlf II. 
rUYSIOLO&Y OF THE BOILEB. 

CHAPTER I. 
Or Foil, m ns Otobu Pkimirw «r Oomnftiw. 

Ckemietd EUmentt of Combtution. — Coke and coal ant the 
combustibles employed in the firo-box of the loeomotire. 
Combustion U t liL-cU' 1 by the eombination of atmosplierie 
air with tba coaI or ookn, in oartain propwtioaa, aaii ia 
r«giilat«d bj tlM dMndokl itlations of their •Inuntt. Of 
the gases chiefly concerned in conibuntiLti. i itli. r as inflain- 
inablcs, supporters, or products of oombustion, tho diamical 
rquiralents are expressed in the ftUowin* UAHh, dcfirad 
from B«id'a Practical Qumutrtf. 

Ctnitiiulhn^Ctike. — Ook«,wlian pnre,wntiMi«sdniiTeI]r 
ofsuli'I i -i-1joii. It ■.iMiuHy ■ uiii.iiiii .1 Mil, ill |i. rcentage of 
earlliy iii,mt;r, wLidi Ls 4iJiciiar^eJ aa aslita during com- 
hnstion, and varies in amount from 1*5 to 10 per cent, of 
tlie tout w«i{hl of tiM ooka. Sul^d ir, iUm, uiata in 
minute qwuititica. nmunj ten than i ]h i c;enl., and aildoai 
nboro 3 per Tin- following is the ron)|tosition of 

Ramsay's Garesfield coke, a coke of great purity, analysed 
b>j Dr. Ridufdna «f NmriMlb :— la 1Q0 parta thin an 
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In the con\bu»tion of nirbon, we Gnd by the table that 
6|iiarUb/w«igiktof oxjrgm«WDbiiwd«itli6partabjr«aiglit J 



1 ABLt. !<o l.VII/-Or CHEMtCilL EaUlVAUtNTB CONCEEINEB K 

TUB cxnoHiaiimi or coke ako coal. 



I 



Oi/jjsa 



Nitnigco 



oaide 
Carbooie acid 
Afaaaa* vs|igur 

Sulphorij-a^ iL-iJ 



Olfgea, 1 part 
Hjidrmvi I fast 



lOi^iea. Ifoit 



Caiioe. 

Ititragen, 
Salpbor, 
OaifM. 

lOtofM. 

5 OxyfBB. 
( Carimn, 
( Oxrgaa, 
( Cuhtm, 
I Oijcen. 



1 part 
1 part 
I part 

irait 

> 

I pan 

1 part 

2 parts 
I part 
l|«rt 

1 pjirt 

i I .'I 



ti, sr«ctiL 



By 



...» 
...1 

...6 
.14 
.IC 



-I- 

'«t - 

6) 

1 )■ 

ir. ; 



U 



= y 



'}- 



a 
□ 
□ 
□ 
□ 
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Bi. 



□ 



KnTK. — In tdia table, the indiratcd rolnmcs of the clomcnts are (hrir 
mmlitniiiK volumes <• eaM, tliuui;li cariHin ami i>ulj>hur, uricoaibiDcd, 
«iist eicluaively io Ibe toltd foou. It i> oelj at lite instant of coia- 
biaation that tlioj can bo eDnpoKd to exist aa ^aua. 

Tile (-■]■ 1 ;rri^.-Tit rr'^MTiJi^-^ «>f tlw oo*nfi':inri4 L^i-""-. irij^f rcfl rn t^j'^TsK 
n'liriin ul t*i' tii^i:r. imIkuiU* ."i n)iiiuMi»r,tin:i 4:f tilf cltjui«-nt.iry 

time of coiubu^tiMt. Attuas|iku it; ^.r tunas an exceptiao ; 1^ 
oiTKcn aad aii*e|pEo arc od)j mcvbaoicail.r eonibiacd^ 

Id thia laU^ aajreen in tho <m\j aupponter of comlwiliiiii ; AaaAir 
elemootarjr gaani arv infloiomabMS or combustibles. 

uf carbon, form earbooic oxida; and that 16 fiarla of 
oxygen wntlnnad with < «f eafbon pmdiiM eaikonie arid. 

The conversion of carbon intn car^nnji- ariil i» thus neeait- 
■ary to complete eontbutiion ; and to lui'ot this condition 
the reapctive wei;;hfs of the elements, oxygim and carbon, 
must be aa 16 to 6, tiiat ia, ior a given woiglit of carbon, 
^ timet tliat weiirlit of oxyKan moat ba aai^iad. Ai tha 

Dvvjeti iif ;ilrilii-|iln'lir ,i^r, \vi(ii »!.i<-li llic L-iikc is tiurtii'iJ, 
is a8««;Uted with nilro:;cti in thr! jirin.ii>rln.>n uf t> tu '-\ ti 
] to 3| by waight, we liii l m the first place, that for tb« 
complete ooBtniatioa of 1 pound of cariwn, 2} ponnda «f pon 
ox jgen aia rvqoirad ; aad (bit ia aeeompanied I17 0| tiaMa 
ij. or 9i pounds of i;iirn:'i n, making a tot.il of I? [ luh^* 
uf atmoirphoric sir. The .u uexed diagram cxlubii* Ute 
proc«M of conibu^iiuii. Im v.hieh the eleOMata are expressed 
with thair eharaieal e^uif alanta. Tlit nitrogan, wtiidi taltaa 
no part in eMttbnalioB, la aa( be« aad paawt, a* » nratn) 
^a», with the carbonic acid into the chiiiinw. 



1 poand eolie. 



rarbon, 6 

OXTRCO. 8 

Oiygeo, 8 
Sitrugcn, H 



Si Carbouie aad, Si psaad* 



lSiliagaa,U J 



trogeo.... 0} poBwU 



1.1 |K)UI> ^ 



A« 1 cubic font of air at tbt ordiaarjr t«mperalur«, W, 
weighs 0766 poundt,abont1fiO feat of i^r weigh 12 ponnd*. 
For the total coinliii*t;.in of 1 uf i,irb«n. therefopf, 

160 cubic feet of air «i 00= air <nu5uriu Ll. Practicslly, 
the presence of carbonic acid ati'l iiitio-i n, the results t'f 
tomlnHiian, inttrfctta lo nntariaUjr witb tlit coBTtniaB if 
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tlic »ir, that in ordinary fiimM«8 double the amount of air 
cbemleally neceamry moit be provided to meet moelianieal 
otwtractione. Thi» allowauce is< a minimaiii in prartic^, as 
•VM in tiw moot perfect!; maiuged fin-filMw attached to 
thfeMbnef OoRnm]I,aii mSyiittI tiw gmew eaotanta 
of tlii> oliimnov, I'V Mr. Hunt, iiiJ;c!afcs l\io prfsonee of as 
iiiucli Crec ox^jjeu as was consumed in promoting conibus^tion; 
and aecording to the later and more elaborate experitneijid 
«f the Bojal Oommiakm OB Ooah nittd to the StMm Kavj, 
lbs <pHutity tttnmxyffUk In tiM d i l M iwy 't mi ai ftoB> 
fiurth to oae-liiilf of tliat which TOmbi'ncd with tha fuel. Tt 
is true that whfra coal is employed as fuel, a m&re compli- 
cated pKWen of i.-oiiilju»t iu:i i-i iuvoUed, with a larger effusion 
olgMMittpiodBcta, than takes plana iatlia«>k»^Bn. Itie 
tnm, ibo^ Ihii m bflomotiT* fi^lMms th« flok* b flinmB^ 
laid in coniparatively deep hods thrrjii:^li which the air must 
penetrate, and is lik«ly to be well dnktued of its oxvgen. 
The probability of a very full consumption of the oxygen ie 
eataUidtad by the fita^iuDt paadBotion o( carbonic oxide 
in ami m Molttatdy illad fii»-botx, indicating a super- 
ahiinJaiice <:>f carhun gas, wln n ih'jru !i irrpiM coke present; * 
the blue Uaiuc wliich is then to he olxserred on opening the 
flia>doar, indieat>.'9 tliL> couvorsiou of the oxide into acid br 
tha apuffopriatioB of an additMoai a^nlant of ozjgaa 
from iha air tlul antaii I17 iha door. In flie afcaenee of 
more dire:t data, a mean surplus fjf 2."> per i-siit. nfair sliriH 
be assumed, or a total of SOO feet of air at CO', as the 
amount which, with gudiMiy find pMBM tlmni^ tiia gnto 
far 1 pauBAaf aMiMiaar|Maaali»a iBn n<t aa4«faka^ 
tinut* la mdbmti bjtlia eoadailMM of prwiieri eliaai&la. 

The teiiii)i-nUurei In tlm fiic-lnx must reaolisomo thousand 
degteea of Kalircnheit in the h-:i(iy of tlie iml, under an 
Mtivablait. ^-i knuw tinvt IV^ia ul' the same power act- 
ing ipoh coka in tbe foondor'a OBp<daa«i aufficient to melt 
pig Iran and lua it to a vfaito beat, abont 3000* Fabren- 
hcil. A!i5iiiiung, aa we justly muy, that the comlii^tiiin of 
thti L-okd is in general very cooipkto, then, as the bulk or 
volume of earboiuo acid gaa ia equal to that of tba mjgm, 
in • fraa alato, which is one of ite elements ; and as, alao, 
tba Tohmia of nitrogen separated l>y combustion is equal to 
tliat wliimh it opcu]nrs ax an ti'utiirnt of air; it fjllovrs that 
the gaseous products of the complete combutioa of eoko 
ooeafj, at the same temperature, tha sanafoltuna «a th» air 
eoflsumed in the operation. Tlierefore, to obtain the total 
Tohime of the gases in the fire-box after oombuation, we bare 
simply to find the expansion of the whole volume of air 
admitted, due to tha tempantore there. Tim roajr ha dcoa 
bgr naaiia of Iba ntia alnafy aBnvBiiesd, M, MBmet- 
ing the volume and tempcratnrc of gists uiidi r a cou^tnnt 
preasure, from which the follow i 11 formula for iiio expanded 
I IB mdflj daiiTed : ~ 



in which e is the enhirgcd volume tf tlie ga.si;-.s at tin- tiiii- 
peraturo t° in the £re-bos, relative to the volume at 60% 
which ia takn m ena. v vU^. mnaa Iba ibllowiig 
rale;— 

Bvu Ij—Tt/M Otrdaitt vadmte^a ^ ttpatulM 

dur til a rjlrrii iemperatiire. and uri'lcr a constnnt f,riisnrt\ 

tke toiwm of the gat at 60° beit^ =1, To the given tem- 



perature add 4^(8,— and divide fbe awn Isy C1& Tha 

quotient is the relative votumo required. 

I!y this rule, the volume of air duf in oOOO', the hoat of 
eombuation, ia 6-7 timea the volume at G0% tat (3000 + 458) 
-t^nS^ipV. Inthaeempletoaoaibaationaf Hlkoleokd 
then, G'7 times 200, or 1340 feet of heated gases are gene- 
rated over the bars. This volume is speedily reduced by 
coutraotiou ilm- tu tlir abstraction of heat in the fire-box and 
floes, as ia liberally proportioned boiien, the gaeaa entar 
fha amok»1>oz at radnoed tampanUma af 400^ to 800*. 
Fcr an avsrai^fl t^mprrature of 600°, the rednccd Tuhimft nf 
gmm iiit 1 11). uf cuke i«, by the rule, 408 feet, and of ilus 
'j^ths are air, iVths carbonic acid, and -Hths nitrogen, — 
theta pmportiooa being auch aa reealt from the oompleto 
eombnetiott of the fad. T« find ho* diaaa aaadniigaa 
tally with ' xpLrieoaa, we ahaQ «eB|Mra tha haaA-fwpattiM 

of the eleinr tit.s. 

The total heating power of 1 pound of carbon, due to its 
complato eombaation, by eanvanion into carbonic acid, baa 
been datarmined by aapar im an t to be approximately 14,000 
units, adoptinr; i*.;r thf) unit of heat that wliich 1 aise»» through 
1 degree of FaLrcuLbit, 1 pound of water ; iLkt is, I pound 
of carbon is capable bycomburtion of raising 14,000 pounds 
of water tbrongfa I degree of temperaitm, fiow, the total 
bent of «t««m at 8»r,or fiO Uia. total pnaann, ia 1211''54^ 
and ana paoad of caiban riunld caovoit 



— 12*10 poomla of water at CO* 



1211 &1— <iO 

into atiam af 90 lbs. ; and tb« imlt iaaamiUj tha 1 
for ateam af other temperatom. Tbie ia the utmoat pos- 

sibk' r'vapontliiJti, and •'U|i])0!-('5 all tlH> boat tn br- Hl;hseiJ. 
Ti}Q iitnioit practice performance of 1 pound of coke in 
locii:untiv<< ijoilers is cqnd to tlia aaipoiltioa af abont 9*5 
pounds of water, or 78 per aant. of the poaMUa mazimnm, 
having 22 per cent, of beat to pass off not nsefally employed. 

This drawback isdu>! to lln' hfat Insl in the lir.t Erases which 
pik»s into the smoke-box ; possibly also to the loss of heating 
power by the imperfect oorobostion of a part af tba eoln in 
the formation of oariMmie oxide; due, moreover, to a per- 
centage of incombustible matter in tiie eoke : and lastly to 

tlin alls; rart ion of (<inall pieces of IWbtmt eoka frOB tha 
fire-box, bj the force of the draft. 

The Tohmie of tha gaaia in Aa Miekabox, dae to tha 
complete combustion of 1 pound of coke, brini; 200 ftot, 
reduced to a tompcraturo of 60°, which is in fact the voluiue 
of air per pound of coke found to be necessary for its eom- 
buation, if we divide 200 in the proportione aiiaadj aaaigiQed 
fcr aaibenio aeSd, and aitngao, wa Imra 

/itb^ or 40 lt«t uf air 
^tba, or d2 teot of carbaoie Mid 



The lieat reqabed to rdae the terapsntnre of tbeee gases 

to 600', thronuh SW, is rojiilat^i Iv their specific heats. 
The »perifi<! heats of equal weights of water and air, are as 
Vmm to 0 2669 ; and as a unit of heat raises 1 lb. of water 
tiuoagh 1 degree, the number of digteee thrragh which 
1 Ih. af air ianiwd by a onitaf hod, ia inverwly as the 

tpaoIloh«rti«rahMad«ttir. 11u!.l*x^j^||=3°-75, 
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the iiamb«r of degrees. The Tolumt of 1 IK. of »ir »t 60* 
IB 13 cubic feet; then 1 unit of limi raises 13 foet of air, 
meaaared at 60% through S' 7$, or 1 foot of air through 
(S'TS X 18) «r 48°-79. The ndatm somlMr «f d^graea for 
I bot of ofbar gaaea may be ttmA aiiiiilMly, In tamu of 
their »pecifio heats, and tlit lr Totumua per pound weight, 
(he laUcr boiog deducible directly bom their specific gm- 
vftiet. TItt AOtilBg b ft talnilw iMmM af data for 
• and various ga«» : — 

TABU. No. LVm-OP THE SpECtFIC HEAT, AND OTHEK 
— "(Of WATER AKD OASES. 





\ 


iBeraue of 


Tit; It (U* 


CnhicfM 
to «fia imind 


IMi'J^iiI^ -J. 

bot of p; 
tmmrM at 

H^. prr utiil 

«r iml 


Water 


I 0000 




810-000 


0-016 




Air 


o-»Mia 




fooo 


130 


4073 


OArbooic Acid. . 
CArbonicOitilc 

gcraw. 


0-2210 
038M 
02754 
O'iSGl 
««8W 


453 
347 

3(a 

423 


1S27 
ODGO 

lilt 
OHIO 


Bi 
13-5 
13-4 
U-7 
188-0 


48- fiO 

49- ^ 




OHW 











To fiiid th« extra heat contained in the escaping gases at 
WTt tu MBT ahntiaa oftmiafiitgn abon W, wa Imhw. 
«ir Ilk of coke, 

40 ftst «f ^ (At con X M0> — t bet laissi tbroi«b 21 wo* 

in " atm^ xM^-tftos mxr 



The qoMititj of heat so consunied is by the preceding 



for the AIT, SICOC -5- 4a'-75 — 443 unlU 
tbe Acid, 17ifflO' — Sff&O — 448 do, 
lhaaitn|S0,«»UO'-(-4r-a0— I4M 4«i 
Its MlOaai^ 

This loM amounts to 16-5 f<^r cent, of 1 iOOo uniu, tlio 
poaaibia maxiinani parfmnaiioe of 1 poaud <>t' coke i Auii as 
tha tottl laaa amaata to tS par cenL- or SOSO units, the 
tscess of the latter, 5*5 par eat., or 764 nnita ia oil that 
remains duo to imperfect ootbusttoD, impuritiai Had mate. 
Thu.-i, the ivholo ItL-ui uf oaaboiliQiB «{ 1 pamd «t «aka ia 
disposed of as follows : — 

loeao ooiu, ^ TO p^revat in tbe formstioa of steam 
ma 4a, mt WS do. luo ly <':iv liu.it of the {TaMs id tbe 

Ah m 6^ da. drawback b; asbei and vails. 

lioBowlta mpBTMu 

These results show that th^ cotiiKustl.in of okt- in the 
InooBWtive-fiiniaaa k praaticaUy perduct, as the total deficit 
by inparAat eaatbMtiaa miat ba leaa lAm pir acnt. of 

tlie wholo duty of ]niri; coke, in casefl where it is burned at 
u sulikicutly iiijJiralv rate to p«rnii(; of a full transmission 
of heat to tho water. Further ap|;ni]>rialiuii of the lujat of 
aokt^ therefore, is to be looked for. not bjr expedients for 
iatpfaring eanibiiaUoB, but bjrnaaot ftr wiDf up tho mate 
heat of the gwes in Iho smoke-box ; and if the heat of the 
amoke at GOO' »Lfi.> utili»ed, it would be equivalent to an 
extra evaporation of ('231G 1211 = or nearly 2 Ibe. 
of water per pound of coke, makiog in all IVi Iba. water 
lafcaka. Tho avdiMfj diHj af 1 pond of aaika 



in amlan keonnUva baileia is llw Mipontion of aboot 
8 lbs. of water, ar t»o-t)urda of tba poaaiU* nminragv. 

an inferiority due mostly to tlm usu.^lty rapitl rate of eofo- 
bu.ition, and a deficiency of EUj-facti to absorb tho lueat, u 
Wl aa to otim causes already named. 

Though little k to be ftand fioaa tba parti*! oombostioa 
of coke by the fanmtiofl tt etthmte ozld^ it mmj bo maU 
to know h tlio loss of lii'at I'V it. Ono pound of esr- 

bosic oxide is found to evolve l.'iVii units of heat, daring 
ito ewvataioo into carbonic acid; as the oxide O'jutaiu 
•ftlha of it* weight, of carbon, this is the daiy of A iKef 
carbon as an oxide, and (4376 X ^) or 10811 nnita iatb* 
duty of oiir' poiinrl of oarbun an oxiile wlioii cotivcrtfi 
into carbonic acid, and ai»u(intA to per coin. t>f the t'^ui 
heat of conversion. Tho remaining 37 por cent, ia thm sti 
that is obuined by tho partial aambuiion of «arbiiB,*Bd 
the 78 per cent. go«a Ibr nothing, aa kaa. 

Comliitf'iuti of Coal. — Tlie co!itLu'<tiou of coal is a men 
complicated process iliau tiiat ui coke, and implies mm 
canAd pnpantion for insuring complete inaaaHa SisHMii 
go to the eompoeitioB of aoal, of whieb ai U WO T O— aH^fiia 
have been published the bte Report on Ooals uM la 

the St.::i;n -N;U-y, hy lK> la H.chu anJ Playfair. Hw U- 

lowing examples arc selected from that Report 

TABLE. N«.Iir-OMIPOBmDN OW OOAXfl. 



-..I! 



I 



.\ntbni£it« . 

UnijioU 

Oliliiaiille't Fi«T I 

v.Mr, r 

D.i:k.',t;i 

hi^-niii -/ 

(;ra- L-. f^»*Uth...... 
llr.-Pl:J.^_ 

Park Ui,l.j4mej 



I an 



lis* 

I -IBS 



i-sas 



9t-44 
81-87 

8T-0S 
T4'SS 



8I-04 



3'l« 
3(<4 

» 14 

5-79 
«I7 
fi-SS 



021 ' 



4-8> 



l-Sl 

«'I0 

1-35 
1 <<4 



I 04 



S-5* 
IK 



1-5 

|i1 



p. anu «t. 
■J J» 1 S5-» 



DM 

I'll 

S-85 

a-27 



859 
437 
«'<9 



I 17 



«-87 



ja4 1 

4 37 

a«7 
to-ooi 



7»S 



4«J m 



Of tbaaa elements there are bot two of importODce in tbt 

MB. Thaa^ wl« 



till Iqrdr^gn. 

the coal is burnt, mostly combine with each otbir, ai 
ultimately with atmospheric oxyi^n ; forming. wIm ^ 
combustion is nf rf- ct, cathuiii"' acj^l and water, the latter of 
whieb is ft compound of 1 part uf hydrogou and 8 psrti of 
oxygtn. It waa proved, hi fiwt, by npealod analy:** of 
the gases in the chimney during the cxperimenia of 
Royal Commissioners, that the prodnrts of combustien e*D- 
sisted exclusively of carbonic acid, suljihurou^ uii i, i itv^tn, 
asd Bitrogeo — beaidao » propoiiioo of tbe vapour of vsu* 
praeipitaled by eondmiMlion. Thaaa rianlta indiesisd a 

Vf-rv perfv'-t fcmhuftion af the th nipnta, as they pr»w^ 
tUu tutal iiat-ute uf auy ytiburiiL iulkramsble gvc« in 
chimney ; at the same lime the quantity of free ony^ ■ 
the ebimBty varied from ooa-fcurth to one-half of 
wMdi eonWiied with tho foal, ahowfa^ that thongli, o ^ 
one l;5ni, .ill the carh..n may ho coiA ' rtf-l into «rt>«a* 
acid, Mii iu iitiiit uf cauibiualiuu txhuuslcJ, ^ snrplf 
oxygen, to the amount of M p«r cent, of that wbicli ^ 
neceaaary for actoal coubtistum, may paia into tiu cbiaa*]' 
With ancb pcaetiMllj paifeci nanlla at 
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) avapontkm of water bom SIS*, andtr afanai]»lMriB 

premre. meaanred in poands per pound of fiid, mm tauui 

la he, Cir tin; (onh alrcaJy scli.-i.'lml, ait «pr««aed in the 
following table. Th« eoDteato of tlie last colunm wore csl- 
oohtod br the exporinuntan fiwn tin hmHag fcmm of 
«t((wn and hydrogen :— 

TABLE. Ko. LX-or THB tOONOMO TUim GT COAI. 





Ciiiititwirt 




dMJJMJM. 


rated fron 
Ilk. 
rfCuil. 


WrtfT CTV 
p«>B£fd ffno) 
ilf br I U>. 








ptrc«iC 


tbi. 






9144 




02 0 


0'4a 


14-59 




04 87 


384 


)»'6 


939 


13-fiO 


fitly Vein...] 


87 (58 




TOO 


8-»4 


14-M 


DMlfaiih > 

Jcwd Sc«m 1 


T4W 




49« 


708 


12-31 


(IraDgeiuouth „ 


7»84 


528 


MO 


7 40 


13-69 




01-70 


«I7 


69-2 


730 


14-8C 


Pari-Eiwl, 1 


73 42 


6t» 


67-0 


8SS 


IS-SO 


Ljdoejr J 








l~ 


S 


4 


ft 


« 



Herawv fimd, grairallj, that tb* great Mt praetkal ew 

porslion fif \valci-, «!. .">, is very much in |>i-ii[>iirtif>n to the 
ppmntagi? <>!' <-ar1».'U iu thtf eo«l, eol. 2, ami, taking the 
nmnsof tiio ijuanlitics, in thoM colomnt, we have an average 
•nfMratiom of 8-29 Um. witb an »««n^ ponutago of 81-9-1 
ofcwboB. If flweaalliadbMavlid^Miboii, tfainlnit 
tft pnro coke, and the eY^fOtttlon t Mwmi b pnpor^u, 
«• ahottld have had 



81 U i ' 



rail 



•vsporatod p«r pound of finl, irUdi I* Kid* aUw «l«t 

have found good coko capable of doiogj oroo wMb a greater 
waste of brat. It would appear from thw that the evapo- 
rative power of eoal is closelv relateJ to tluj (iiiriiitity of 
carbon or «ofc»-f«iti«l<a il oontaiiM, and ia in abort chiefly 
dapndant vpon A* ««fkMl. 

Consistently with thew dcdootiona, Mr. Joshih Parkea 
invariably found that toal to bo the strongeat which con- 
tained tliO 1' Mt i;a>, — tliiit >:•, wliii'li iTjiitaiiird tint iii"^t 
eaiboD, and ^owed least flame, lie fouud alw> that To 
praada of pmlacad fiaai 100 ponndR of coal evapo- 
rated ai mneh water aa 100 pounds of tba aanw coal. Mr. 
Apsley Pellatt likowiw found that London gaa coke ex- 
ceed* coal 25 per cent, in tho development of ln at Inr iiif !t- 
ing giaaa.* In tbo locontotiva-boiler tho writer has found 
tlat, {• gananl, cod ia a^nMa af niHmt two-thirds, or 
l6parogn(.«fUiiadi^«faa«qMlii^gMafaa]M. These 
observations eonfirm tha aoiiduioa ttwt tiw anpoiativo 
ctT^oioni'v of cv^al ai.<l its preparations is dependent on, and 
arijes from the quantity of carbon they ccntaui. Nor is 
thia coodnrian albcted by the very soperiac liaatbig power 
of bjfdri^ gas when burnt with ngg/n, Wamlilg to 
abova 60,000 units per pound, or abom fbw timw that of 
carbon, au'l (lie i-onnqutut apparrnt value of an cxot-sn of 
hydrogen iu coal. It may be observed from the la»t table 
that the coals wbtcb aaotun tha auial hjdnigia are the 
lewcatin n^aaatov pmar. lh» papwatacy diitiUuion 



OA 



of the combostiUa gHOi of eoal bafbca oomboatian inmlfaa 
aa outlay of heat ftp thair coBTanteo tnta tha gaiaoaa tarn 

wlij.^li inav go sr.me IfS^.'th to balance llie licat ai-isin^; fmnni 
th«ir coinbualioD. Oxygen combines with twice ita volame 
of hydrogen to form aqueous vapour, of which tfta voloilW it 
aqaal t» that of tha almitatarj hydrogn aa • flat Aa pm> 
dnet of cmnboitiaa ia tina of donUa tlw Tdnaia of tha 
oxygon citijiIiiVLit, aiiil it is this cXocsh of voluino for tlio 
couveraiou ot' (be kydfogcn into gaa U) which tba absorption 
of heat is due. Oarbonio acid, on the contrary, pos sea aia 
tha Talam aimi^jr of ha cnntitoaat oajgan : thwa ia m 
aoMoaion of wliina <br th* aoairardeQ of oaiboB into tha 

gaspoiis fi,rm, anil tlicn^ is no absorptioti of heat tln ri-liy. 
The di^tiucliuu Imxis made appears to oipiaio tho practical 
neotrality of solid hydrogen as a dispenser of batt hj aoBt- 
bustion, as it ia aappoaod to abaorb as much heat in aarodi* 
ing tho gaseoaa ferra aa it aulxcquently discharges ia 
ci inliinini; witfi oxviri-'ii. I'artlier, earbonio oxide. like 
iujui.'<jU4t sapoiir, assumes double tile volame of oxygon of 
which it is formed ; htnco, similarly, the very inferior bait- 
ing power of earbon whan oonrartad into tha oxide. 

Tba'ialarioritT, abovo-DOted, of eoal to aoke per poond 
weight, as a E iuri-L' of heat in the looumotivo-boiler, is doe 
not wholly tu ltd c$<i)iposition but also to the nofavourable 
conditions under which it is burnt. The combustion of 
ooko procoeda at a uniform rate, wbila that of «oal ia mnoh 
less regnlar. In tha iiist atagea of ita aombaatioB, higa 

volumes nf In avy Iiv (!n>rai!i-in are <tl.si:'li:ir;c; !, wd'cli 

must bo rapjjly laULU by tlii; uiygcu lUat they may be 
perfectly burnt. Hence the sanguine blaze and rapid dis- 
engagiiroent of heat aoon aitar aoal ia Ihrowa oa tba grate; 
and it ia aaly altar tha hTdngia, n^gaOt and a portion of 
the carbon are thus driven off an l consumed, tbal thr. stapl ■ 
of the fnel, coke, is hh a« a re-jitlue to bum oU' at a skwer 
la'.i-. The looomotive-boiler is designed to combine light- 
ness and effiotfloqr> Md the uniiigm rate of eombaation to 
which aoka ia piadiapeaad, adaiite of aiar appmhaatiaaa t» 
tho minimum areas of grata and heating surface, and fire 
and smoko-rooni, consistent with efficiency. The sanguine 
and iiupiiUivf! roinbustion of i-oal, on the ocalrary, during 
tbe disebaigo of its gaacoua compoanda nndor a atroag diaiti 
demand anwra llhanl ailowaaaaof aaiCwaiar ite acananical 
employment than is convenient within tho limits of the 
loeomotive: and though wo believe, contrary to much autho- 
rilv, that a rapid draft is dvoidr-illv tliat wliicli i-H moot 
favourable for tbe complete combustion of coal as well aa of 
ooko, it is predialythM vhlah tadaeaa iia meehankal nm- 
porative valno ia tlw laaeatotive.* 

CombuHicn of W«ed. — ^Though wood is unknown in this 
ouuiitry a-? fii'-l for looutii'itivt'*. — except indeed in the ease 
of stray railway-sleepers, of which engine^irireia aadetataad 
tbo value,— we add tha Mknhv parlienlaia af ita paa- 
fomianco in America. 

In tbe eaginea of AoBaltunen Bailnad it is ibaad that 
1 twiefOtobidaad eaathaat qBality«iaa|Billa I'Mtiaia 



• Th«a« who wlati to nodststaiKl tboronshlv tho OonbasUon ef 

i-nnl in fuTtinct^, thn totbor bej* t»rcffr to .Vtto on tKr Smohr Nvi- 
Kincr yuo.'ij.'i, liy W. M. BuchsDUl cl (jUi^ow, — Ilie lilW. (iri^nol 

and ralualtle divciuwioo «f (he autiject that has ooora under his obser* 
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afaDlbMUaciMl,«lo8*lt«(d»«f ]lilM<«M(i.* Oneoord 
of ity ptM b aqul In balk to 1t8 enlne feet, and weigh* 

about 2700 ILj. (jr 1-205 tans; 212 corJs, (litrfforo, wpiph 
S'U tooa, and it follows thai 1 lb. of toal ii aqit^ to 
jfrWUtk of (line, or pin« haa bnt two-fiftbs of 
tin power of ooal, sqnal to abaat Ibii. i 
iato iteam per pound of pia*. 

Other experimpiiti nu the RMdinj Railroa l liave flmwn 
tliat 1 Ilk of ooal U equal to 3 ibs. oi piue-f Thi* indicates 
IB onponthni pomr of only 2 Iba. of irat«r per pound of 
fMl, m tba locomotiTi. Mr. Hatwdl atatM tiut Si to 
8f Ite. of l^e are equal to I lb. of best roal ; and allowing 
6 lbs. svater [ii r [louiid of (VkiI, wc liiivc (<j -i- 2l) or nearly 
lbs. water per pound of pine, u alreadj foond. Mow, 
PkofHMt W. B. Johuoa band, in WA, that 1 Ik «l dry 
pin* vntld, by earefoJ mMugement, evaporate 4 69 lbs. of 
mime. It aeeme tben that, a* faol, wooil, liko ooal, ia un- 
faTOurably treated in the locomotire, as in practice it does 
noC gvtponto aiioT* Si- Ibi. pw poiad wvigbt. In both 

ktion of faett, in the fir«t iHafjm, hm — rMtht"^ to do «ith 

the inferiority of cirvet. 

The low f v.ipor.itivi? p.>wer of wood »tren^liens our con- 
duiaB that tite elBdcticjf of fiiel ia c«gaUt«4 ttrj moch by 
A* p«M«iitog* af Mtea it tootaiai. Atawdii^ to Hm- 
well, the felloiring «• til* man «emp«itioai «r 
woods: — 

Odb Ul lUpk, OMnb Ihn^H 
Cbircod (eaibon) tS-7 17 9 SO'O t»9 IM 
V«ialil*aitttar 7'!t> bi-^ Tn-n Twn e?>-4 

. o-J 0 7 (..-7 (J-; 11- 1 



UIIM» IWO 1«H> lOO-O lODII 



Hcii; we iiuJ that tlip prcpor; ioii of cirboti is Liit one-fiuli 
of the «'holo niMs <jf lliu tu«l, or about ^0 ]>i i- ixat. by 
weight. 

Fijimetd OltanattrUtiM tf (Ml.— TJnnm^ c«uvut<d 
coka » dMB, eryttalUtie, and poron !d utraeture, and esirta 

in coliimnar iiia-Hsfs. It Ijaa a stnl L;iay L-T.lnur, [hi?.si S5c;< a 
metallic Itutro, and is m> hard as to be tut'coeftiully employed 
fer «llttillg I^US. Id these respects coke has a anehuiol 
adnntogt aitr «nlt by Ha fcanliiMi ud tenaeay when 
inn mads It naiato tlio vioUaM of the draft in the fire-box, 

aritl tlif)i^;li 't in li;rlitcr tlian o.i:iI, VL-t llir lln r(iu^;Ii dnih 
faeiiiutei by tiie ojn uiu of die fuel, prevents a coucen- 
trated action of the blut, aad promotN u iatimato ndxtare 
with air, and llionnigli oombiution. 

Obkt, Inwarwr, variaa eanaiderably in physical condition, 
and, even ^v1ll-]J of equal purity, ite evaporative power is 
various. Ml . Woods states Utat in Laoeashire, the U niton 
and Worsley cokes rank highaat, tkai tha flokaa boa «dur 
miiiaa Tariad ia •ffidaoey firom 76 to 90 per cent, of thoeo 
jtiit named. In several of the«e c)i«rs the inferiority was 
due iiiiisily to till, ii iidtrin.s'! of tho imI;", whi.,;li was broken 
up and dispersed b/ the violence of the draft, and to a gnat 
abAm tknogb «ha Un4 llnw ara flanuBon 
of waste, — the tabes are occasion.i!!y diokf J with 
eoka unbomt, in the ssnokc-box m-'un li uf cu-bon- 



dnst are eolleeted, and IB tlw I 
are projected by the Haat tnm tha ebinme^. Aeeovdingly, 

wc have known io cwt. of firm coke pa aa far as 30 cvrt. 
fragile StulF, of a sptcific gravity, uUavtm^ tiiat tiie 
htlataoke had bnt s:! per crut. of tlie clBciency of the for. 
Mv— «B inferioiilj nim^ owiiig to ito infa ti o r ffa;jaiiil 
eondMoB. 

Conl loses about nno-third of its woight in the proeew of 
coking, while the bulk increases about one-tautk. Thua^ ia 
the eonveniaii of eotU from Andrew's Uotiae Oollieiy, aa 
deeeribed in tlie Report on Goals, the weight of eoka was 
G5 per cent, of the coal, and the increase of balk «w 
11 |" r cotit. I!ii«lol cokii 15 I'r iiii O'i) to (jo'C ^lor cenl. of 
the coal. Kilsyth coal yields tkl per cent, of its weight if 
cdce. 

At Newcastle, SO hoara is the osual period uaigned fer 
the conversion of coal into coke. Though thia period ■■ 
deemed sufficient for conversion, the physical quality af the 
eoka ia impovad bj wmftniag it ia the ovioa for 40 heon 
tDii|gar,«r»totolafMlMm TMagjwatiaae fer eaa a u l i 
datlou, and tarns out a firmer, brighter, and more eryatsl- 
line mass. Mr. Gooch made experiments on the relative 
power of Bristol coke confined in the oven for diSertot 
periodic and be bad the foUowiqg Raoha tot ooa aiaai af 
flogimat — 



5o. 1, 48 boan^ 



12 71 cvt. 



71 lb*. 



No. t evaporated 6i per cent, more water than tbi 
othen^ afaawiag tba aapariiuitjr af aoka aanfinad for lnqg 
periodh aid aknrly natured. 

Cofco fr i|upntly al^ojbs, according to Mr. Woods, as 
much aa t> per cout. uf its weight of water in ita passage 
frm tta oven to the place of consumption, in tuiroverMi 
waggana. A quantity of damp aafca, oa baiqg a^oaad iir 
a few dap tn a drying wind, waa ndvead turn S88 ewt It 
360 cwt., sliuwlii^' oiu accession of S p. r c ent, of watrr under 
•xposQre to rain. Hence the advantage of keeping eok* 
4iy tu Me. In soma aapatioMiato made to find the mui> 
mum aapadtj of coke fer water, three specimens of Middiy 
eoka wwe selected, weighing, when dry, 31, 2t, aad 18 
oiiin'i-s M>[ii'otively. No. 1 wa» columnar, closp-gr.iiiied, 
and of good quality ; No. % very otdiuary, clumpy, aoif 
porous; No. 'i was very close-grained, and of average geo^ 
qaatity. The three apeeuneoa van iameriid ia 
the firrt two for 2i boara, and tfaa Oiid Ibr 4 baa 
they absorbed the following quantitiaa af natii. 



Ko.1, 4^«a. 
No. 2. 3| „ 
No. 3, 10 „ 



20 



* IlaiweU'i Emtmttr*' i'orkrt-Uook. New Vork, laSO. 
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No. 2, it appears, tu virtue of its ojiciut boiiy, abaorM 
more water than No. 1. No. 3, iriiir.erso4 nearly double tba 
time, aeqaiiad noia water tbaa either of tba otban: aad it 
is prolnbla (liat M per eottt «( tba vaight af ataiagaada 
is the greatest practical a^;'«orptiuii. Should this water 
have to be evaporated in the tire-box, it would moaopeUti 
2i par«nka(tbtaGki^allamigltb.«racltatoStta.flf 
water. 

Aeiro^ o/'iM— 'Thaabwlato mlgU avbalk af tdii 
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ilktiir''''"'''* from ill eouukfflio weight or bulk, bj ih« 
hUur «( wUA u mut tfc* «r hmfid «oal, fbr 

exaiii|<Tc, per cnbie foot of toUl bulk, or tbe mmbar of enbio 
i»et retjuiri'd to itow a too. If the fuel could b« dupos«d 
of in one solid mhta, (hli man would reprrat^nt lis abaoluto 
waigbt aui balki bat) m tha liul oeeagiea man raom whan 
bnkw in fmim wad hatfti, tt ii dMr tfci* ki ibHlvU 
vvcij>ht i.i gnatcr aud iu balk len, than HtMOMIBfewaigfat 
aitii bulk. The averogo weight of solid eoal is 80 Iba. p«r 
Oabio foot; anil <;f hcnpsd mal i'jI lbs. per fuot. T!ins tlio 
MOiMiiiio wsight is bat firfr^ifhtha of the sbeolate weight; 

ton. 

The absolute weight of coke varies. The bulks of the 
threo apecimens of Mickley coko already notiJ, »r re found, 
fnoi ths diipfaMSOHOt of wsl«r bjr ioiaMratoa. to be rmfee- 
iMty StS^ M'4h aid 83 «bMc iadiM. Tbs reipectire 
solid wmghu were therefore, 63*8, 67'fi. and 67*7 jpoonda 
per cubic foot, and the mean of these is 68 lbs. Tlie we!i;ht 
of water is 62l lbs. per f 'oi ; and here we l>av.; a vi ry fnir 
tMt of tiM density of coke suitable for the fumace oi' the 
lotmniatiTt Should • pioM of diy ooike float in water, it is 
too light, or at least below tho avii!^ dusity; shoald it 
aink, we may safely oonolnde that it It railieicntly weighty 
to iv'ith-t.iud tliv <jriUii:iry ai-linn of tlio draft. 

In the eiperiments on tho formation of Tanfield coke, it 
«M bond that the stowagMOom^ n ecooomic bulkii of 
1 ton of the coal tod ita oelH^ wm nqiMtiTsfy and 
7i-6a foet, in ib« ntio of 1 to 1-74. Tlunftni 11m mal 

of hMfsd Mihs is ~= S9^ poonda par enUa hot. 

We hare (requenlly checkixl tbis ro^ult by measnremeat 
of tha waggon-loads of coke for mhngfib Mkkley coke, 
tot sininpic, of good quality, and maalarsd hi tie waggon, 
wei^'lib- abuut 28 lbs. p«r fi."jt, wliicb .v_tws very nearly with 
the result from TanfieU coke; and we may in general 
reckon the economic bulk of ceka af good ^uliljr ait d aoUa 
ftal p«a oiii. Of 80 oahie iatt per ton. 

Om cord of pina-wood weighing STOO tba. oeeopies 
li'S f.\n of f tow.ige.roQni, Ths eeonomie wi%;,'hi of ]nri< - 
woud fur fuvl ii, thus, 21 lbs. per cubic foot; aud itn ecuuo- 
oic bulk is 107 cubic feet per ton. 

A* tho evaporatire powers of eoal, eoks, and pin a, in tho 
laaoBotlTa, aft wioaa, it ia pUin that, to find tho tftrfso- 

Iml e«ono:u:c bulks of tlu' tliroo fus'Is, in point of ofriL-ifiicy, 

thtir eoonomic bulks as above found, must be divided by 
ilitiraf^paaatif*pat>MapirpoB»diiB%ht. Tkaa, 

liar Coal, 44 -i- 6 ■= 7 3 ) RcUtim or B«ri«diat SMBtadn 

„ Cdte, m^isi— viv Bulks, to MttpofMo tkt tasM 

,, Pinp, 107 ~ -■ Kci^iit ffwuutt. 

To express these figures in simpler terms, atisume that, 
fi«aaal.dkaaqainlMttaaBaaiMlndkia«uty or 1. Then 

«dfcrpb„i.ia^||«M. 

That is, about one-tbird more ootin th.m a^al. I>y bulk, i^j 
roquired to evaporate, in the loeouiotivo, equal weights of 
water; and fur tho sanic evaporation, aaaiaaf jAM-VOad 
aix tioMB the bulk of coal ia ie(|aired. 

Tha Mlawiag tM», Ha. UO, oompcitta «lnt> laaalta 
l»«fiinBa 
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EtcAi'iTULATtuiir. — 1. Combnatioa is effected by the che- 
mical combination af atmoiplMrio air with tha afcawnta of 
tha foal aoiploytd. 

S. Obko aooaiala ihaeal antiialy of aeKd CBitao. CM 

consists mainly of cafbon, hydrogen, and oxygen, in avera^ 
proportions of about 80, fi, and 7 per cent, of the whole 
wi iijlil f»f the fiifll. Tho reniainin;^ S ptr rent, ia composed af 
the Dsolral substances, nitrogen, sulphnr, and ash. 

a The oaafiJ htat al nmhwttm la deriwd, aittinl7.h 
the case of coke, and diiaiiy» b the case of eoal, from tbo 
complete union of tho constitaait carbon with the oxygeu 
gas of tho atnioaphero, foniiiu;; carbonic a^id gas. 

4. One pound of pure coke, which is caibon, reqoina fbr 
its complsita combatthm, It pnada •( air, viight* or 
160 eabie faet hf mmmm, at tha iMipaiatate 60°. In 
praetiee, a snrplus of S5 per oeat» awUng a total of 
20U fLft nt H0\ I'm each (wuiid of coke, is necessary, to 
allow for leakage of air nncooauned thrcMigh the fumaeo. 

5. Tha temperature in tha fl»'box readies 3000* a tta 
body of the coke. The teraptaatauo in tha Baioha4MK vaiiaa 
nanally from 400* to 800*. 

ti. 'I'bc licitirfj power of one pound of carbon, wlien tom- 
pl^iy bunut, is equal to 14,000 units of heal, and is 
capable of converting above 12 pounds of water at 60' into 
steam. The aidiaMj duty of good aoiw ia the ampontioa 
of 8 to 8} pomda af water per poond of eeka. Under the 
in<>3C favourable conditions, the evaporation of '.1} lbs. of 
water is about the greatest practical perforuiani}^ af 1 lb. of 
coko; or 78 par ant. of tlu possible maximum. 

7. Under tht aeeti fimnntbie oooditieiu, the evaporative 
power of eoai it at teaat eqoal to that of the earton Boon- 
tain's. But ill (lid oidiaary locouiolive-boiler, tho practiral 
evaporative power of eoal is only about two-thirds of that of 
good, pan aohe,orfiraai8tft6paaiiiiaf matar par pooad 
ofeoaL 

8. Tha oraporative power of Anwrieaa pine-wood la tiia 
tneomotive, varies from t n ' 1 ir, onr-tbird of that of the 
best eoal, or about i\ puutid^ of wMmi per pound of pine. 

9. The oombnation of coke in the locoiuotive-boiler is, 
nndar ordiaaqr aanditiou, pcaetiaalljr peiiaat. Xliainfarier 
petlbniaaea of aoal and wood la flub, is daa in aoBia d^giia 
to the in-egnUrity of oombustion ; and wlth eooi. It ia dnt 
alifo lo imperfect oorahustion. 

10. It results, generally, that the power of fuel for evapo- 
latioa ia infolated BMintjr bjr tha frapactiea of aaibee in ita 



11. The quality of coke ia various. It ijs afTectcJ by its 
composition chiefly as it may contain st&h, vhioh luay vary 
from 1^ to 10 per cent, of its weight. Its physical qualities 
also affect iU osefahMaa: if l%ht and ftag^ H nugr ba die- 
sipated through tha tnbaa aodtb* gmta «BteiMBMd» and i» 
««17totOn*oiBfc.BnUa»«Htad. ttWiD 
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sbtorb, under oniinary exj^surc' lo ivi t wi atlier, 8 per cent. 
«f mwrturot sn<l it 'u capable oi iiii1'.l>!i:^ 20 per cent. 
In its beat conditiMi, coke ia diy, baiid, duam, aalamBV, 
crrttAlline, ani frM tt dntlw. 

1^. Ill tli.^ 6t:,Mi;:;o of fuoN. tin; f ijiiivr.Iiiil cri^ii'nii.: 
bulks of CO*l, C<«l»f-, .Hill fiin"-.voiiJ, cr Ax ti»apuraUs 

•qMdmiglltaof wfttor III iU» ]r-c':jiiioiivc-l:.L>il>.'r, are aa 1, 
aad 6: ar uetAj onMlunl oian bulk of «eiw tiua of aod, 
aod HE tinm BMb yiiMi 



GBAFIEB n. 
IbesiVictL Pknmm of m LauoiimiviJIoiiiB. 

" Is the fill -1 i>x and boiler," tars Panibour, " rcsiiiis lln? 
r«al source of the efi«cta of tlie eugine and ire hare now 
to (iorelope tb« iBMlmdal pinciples oa wbkh Am Mtim of 
tItU admirable s(aHn<gaiMntor il llHad. 

C^ITmCm Suf/aci4 — ^la (h*fl»W ttidl tba tahm the 
ln;it is L''-iii-'ra'.oil mi condocted, which is d^stiin'ii fur tin 
geii«faur<n of ateani; and tliit M effected bjf the pois^age *jI 
the heat through the material of the fire'lMnt •nd tabes, and 
ita aliaatiitioii lij th* natar witbirbiali tfaaaaaic tmaymbtre 
rarrsunded. Tba aatfiwa dm praamtad for tita tnaanie- 
»ion of heat is known as hfoting $ur/ac4. The efficiency of 
tliis eurfaco dcpouda much on il« situation. Mr. Armstrong 
found th.'vt a cubical metallic box enbmcr^d iu water and 
kaatad bom wiihin, gtnaratad ataam fnm ita sppar anrface 
more tliaii twieo ae fast, per tmit of anai, aa it did fnn the 
ulitv wlii'ii VI rii; :J aii l tliiit tlir hottom yielded none at all. 
These reniiirkdbk' iiiti'«rences are owing to the dilEculty 
iriUi which steam raparataa firoai a vertical surface, to gfive 
^aae to freab eltatgea «f «aMr, and to the impoasibility of 
latTing tiia tUTertod nirfacs a* «H« By slightly indiuing 
the box, the elevates! suli- inii "i iMiirr i.agily parted with the 
•tCMO, and the rate evaporiitiuu increased; while on 
tibo dapres&ed side the eteam hnn^ so sluggishly a« to lea<l 
to an oTcrlmUing of (ho metal.* It ia, thenfen, ekariy of 
importanea to imiiM iawardlr the aldaa of the tn>tiaK, and 
the rather as they are clwfly In Ip:ed in by tliv iii:i< r ^In 11, 
which learea but a thiu wall ot water in contac; tiicui, 
aid tbna restricts tho eirailation of both wat«r and steam ; 
whaiaaa, in modara pnetiaa, tba aidia of tha fin-box are 
noatlj TeHical, iritli Imt Sf to S tndt watOMpaeta. In 
older pra''!"''C. with .snirillcr fjrL'-l>i)\r-, ! fi> .1 inrli ppa^rs 
were allt'.vt d. wv.A wo tliiuli wiaeiy, t; la policy to eko 
ant the gi.iti -"iirl.ice at the cost of the water-spaces. In a 
mrnbar of Bur^'a oranlar firo-tNixta, of wbidi tlia outer 
alialla vara flattnad astandly to nalo room for tiio fxunt- 
hw. (lif prpTailing water-ipace of 2^ inches was rcsln'-e ! fo 
'J, iiiclisi* at those places. "Nature" rebelled: ttiu siiam 
got entangled, the fir«-boxes wcru bntgeil inwards ,'itH>ui 
balf an inch bj tbo pmaara on tba ovaihaatad platsi. jost 
oppoaita tho flsHoDed oatar part, Md natorad tlie na ifowad 
wa'iT s[i.icf to the regular 2i iii' li wi JiIi. In fonw tuLriius 
tlio tideii of the fire-box are inclir.til :it a. ilups t-f alvul. 1 in 
.^0; and of late, Mr. Sinclair has employed an advantageous 
alopa of 1 in 10, in ilia tank-aogina, figuod 



As fire-boxes are much alike in form and arraiigmeot <yi 
sor{ae^ their healing toitea viil ba aatiaated in the a«ual 
wqr ia tama ti tha almp anpartWiiaa ai^aaad to ihofin^ 

withont deaBii; in dlitlnetioiu. PnoJitt anrfiaa ia no 

diiulit vi.ry •■iTlriiia t"ir inriliiiiu s'.nuti, but this is merely 
becaose u g«U tha tint of tlie tire, and, as Mr. W. 
Femiltongh has observed, with great seiaDtific discernment, 
"tha abioBt of tha &»-b«x ia nMra to generate li<-;tt tlmD 
to aliaarii it, and tho abaotptlo* tahaa place jiriiioii ally in 
the tubes." * 

In the same way, we shall slump tLo tulif-surfai w ith- 
ont making diatinctions, though there is roa.^<nii to Urlievf 
' that in th» uppar aamieiKalar part of each tabo tha ofi- 
, eioi:' V |>riij ipally-Miidaa. Tho winding prograaiiTOiMtton 

nf tl;i;ni;' oli^i-rv.iMr In tulirs of ronsiii-, r.il'Ic Jlatiu-tt^r, i^oti- 
tirms this eouciusiou, it» it it u^li iiui<'!i )ir'i1iai>ili'y du« (o 
the cooling of the upper portions of tli" •sx-f- if cuaibnstion, 

which aa thay aaol abo baaaoM hwrkr, and daaocnd bManlly 
to maita non for tho hottwamoha nait tha boMaa «( tiM 

' fine; the general result r f \\h\ch is tha tWalvi^g «Wti«a tt 
the current in its progrci$» futward. 

I Tbo eflicieney of tube-surface depends of course on ihm 
work it baa to do. Ita funotkn ia to take op the haat 
which paaNa from tha firs-box, and which no doobt ia tli* 
greater part of the heat of combustian. As its real value ia 
variable, influenced as it is by the extent of fire-box surface, 
strength of blast, and other obvious cauecs, it is impracticable 

' lo eitabtiahanjfixadmtioaf cffieioi^foritiotenBaof ttM 
snrfaeo of tlio flro-lwz. It liaa novertheieai bcqi » eommon 
)>r:Ti' 1% in France, to adopt a fixed fraction of one-third of 

: tii«i liibe-Burfaee as its e<)uivalent value in terms of tite fire- 
box area, making what thaj call tha "ladaeed" surface of 
the tabaa. Wo ahaU nat attempt aaah artificial diatuie- 
tiona, for in diflennt tnboa, and even in tlw diferant pwta 
of t!.i' i--iiiH' tube, and still more iii.'Ii r i!'IT> ii iit stutee of the 
fire, till' iiiiLnsity of the heat in tho lubes ti> vtry various. 

The cnnduotinig power of the metal composing the fifi^ 
bos and tttbei ia ana eondiUon wlueh limita tho rata of ooih 
poration, wImb tho heat ia almndant en tba cno aidc^ and 
(•:rrulnt it'll fif.' nil tlic "tluT, the water certainly carries 
uli biitt as fa«t as it arriv«i& at the outer surface. The 
interior superficies of the fire-box and tubes is, therefore, 

1 pnpeilj the "beating aarface" of tho faoilar, and thiaiatar- 

I pimfattnn of iha phraaa ahail iio adharad to in the dhmaiiwin 

nV.i-Ii l>W..:s. 

'i'iiv kiutiiiablo ratio of tnbo-surlace to the surface of the 
fire-box has been variously estimated, from 6 to 18 times 
UiolatUr. Itdapendaonthaaraaof grtto^u&eeaadth* 
iita of comhaathn, and on other alcnmita, which in a foU 

lowing chapter will be duly considered. 

Cupaeity of liti Fire-Bax. — The available raj>.ii-ily f .r 
fuel is measured jointly by the area of the gralo add th« 
depth of tho grato bdow tha Uibse and the fiie-door. Tha 
fnel cannot natiUlj ha hiaipad ahon thcaa lavela, aa if an it 
r-'ciJ^ii tlic tubes and obstructs tlifl (Irrifi. \\'hcro the grate- 
A aiL-a in tutall, a deeper bed of cvlis oiiU a sharper blast aro 

I I required, to pass the necitsary quantity of air, and to dore- 
iopa the oamo amount of Itoat. Thoa, within limita to Iw 

* BftiUfm any Oiicifiif » lldL 
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iftumrdi dafistd, •mMlIw gtito M>d»iia«|Mt fira-box any 
ba ttfM» of gmtniting ■■ nnieli ttMim W • Wger grate 

and u shiillfiner firt'-lKi.x: (lio coke rnoiii l]-?;!);;; iIir Mme. 
With iliO DtUlie deptii of coko-rooin, tli« rate uf euinblMtion 
in the firo-box m»y be iimply in jiroportiou to the am of 
(fat*. Tluu Mr. St«ph«o8on bits with pro[Hieljr Itatad thM 
**tlw powmr of tlw engine, tapposing the power to IwdMPillHl, 
in:iy l>v t.iki'ii t'l lo ilinvlly as tlii> irfa of tlio fli» JllB ar 
the (juuitity of fuel (.•yjitained ia the Cro-!»ax."* 

lit Mtckmkiil 1 ' ' II Lf the BUut. — B«pid combustion 
it impoaitin in th* locomotiTv-boilw, whan arMjiUiig 
iBiiat be light and «nB|iut m poaiiili^ wImvmw th» mIih 
ml ilntrt nf tlir< very limited chimneya which loeooiotiTe* 
inu«t carry quite insafScient for the pnqmse. Heuoe the 
nae of the blaat-pip«: it dire«t8 the ozhatut steam from the 
mpM r^bt «p the ebinnMjr, witii wltieh ita oriSeo ia plaeod 
eonontriedly: aach diadniiga of atoani ws^maSm aa H leavaa 
tbe orifice, anJ, fillin'.' tlo L-liiiiisiny liKi- a |ilmig<;r, ir rlriips 
off the smokn wlnrli prccoilts it, aud iilsii drags witii it ml 
additional quuniity of sniukr^ from the smoke-box by the 
mm (notional Auoe of eoutaet. That tha ooaibinod action 
of <be axbaaat atcan ta a faning and a> a andUi^ agant ia 
nci"c*sarv for its mt't jni'cc-j'^ftil action, will riftrrnnr'!* 
proved. Tiie parfi&l vtuaacy tiitule iu tiio KUiuku-L-ux h'j the 
expulsion and withdrawal of the smoke by the blast, tnust 
be snppUad Imn tba tnbai, tba tnbsa irom the fin-box, and 
the fire-box fi«u the oxtetnal tit. Tha aamnft thanby 
rreatr cl, til jHch it changes its cliararter on its passage into 
tlis ilro-liox, by combustion, tiuvcrUicinos finds its way regu- 
larly and rapidly into the chimney under the direct action 
•f tha blaal, and a pncticallj atoady, aottra dnft ia the 
nbhH. 

The actir.n of llio 1>U«I mar I>e made more obvioos by 
means oi the skeleton-view, tig. liii^, in which a is the 
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ira-b«i^ Ilk A» tiAaib «^ inok»-boK, Hri 4 tha I 

The blast-orifice «, terminating below the crown of the 
smoke-bos. and eoncentric with the chimney, is shown dis- 
cliarciii;,; a cylimlcr-fuU of ."team. The Steam expanding 
UtenUly as it ascends, strikes the walla of the ofahno^ at 
a, a, aama dfatanaa abam tfw otttM. imiid by ohan^- 
vatioD, the raetioA nrfteta aa forming an acute angle, 
about 90*, with the centre line of the chimney. Thus the 
I'liiiiun'V bccoiiics aspi'Cios of syriiict' fromwliicli the contents 
are prujeeied by the blast in SHCcessive ebatgea, tanewed 
from the tubes and the lir»>boK a* indieatad hj tha atvani. 
The eiradaliAB ef air ia thne aatabliibad toviilmaf the 



reduced prsaanra of the gaasa in the ainok».hox, aaalntahwd 
by the artien ef tha Uait, aa tha dtflhtenw of jmnm 

ysaVnx tlic stuoke-box and that of t.lo' atinosjdn-re,— in other 
wt^rda, llio vacuum in the siuoke-box,^ — is tiui force which 
generate* the current. This force is mcasureable by a 
vacuum-gauge, and io ear ai^rimenu on the draft, tha 
gauge employed eoosistsd of a glass syphon, {^b«h bon. 
fixed ftgaiiist a scald of iiicljc-ii ar.d pans, liko ihr Mait- 
gango already di!scril>ed; it »a* lillud to lliu aeru kvtl witii 
tinted water, and one of the limbe being in oommunication 
with th* intarior of tha aaioka^i, by a amall brass tab% 
while tha ether ww open te dw nlalospher^ any difiomea 
of pressure, or vaeauni, was indicated on the gauge, by the 
descent of the water iu the open limb, in obedience to the 
oxcees of atmospheric pressure, and an equivalent a^cetu in 
the othar limb. The diffaronaa of «atai4er«ls ao uihibitod 
waa an exact msaawre of theTaoBam in the en»he>boit. At 
very slow spficda, thf wati^ideu'ls o.^rlllalcJ cmibideraWv, in 
pulsations eiaclly like lljusc of the blast-rjau;^*, aud simul- 
taneous with them ; and it was thus proved that the vaennnt 
varied dinetljr, oar noarijio^ with the hlaat^pnasureattveiy 
hHtaat. Aa the apaed nee, the priwtiona anbaided uito a 
slight undulary motion, in prrr!i,-lr t1if> inMuer already de- 
scribed for the blast-gauge; aud cvuu at the highest speeds, 
i\\.f "lyiniiaihy that subsisted between the blast and tha 
vacuum wM nude veiy afq^arent, abowing the iauuadiate 
dependanee of tha ana npan the other. 

Vacuum-gauges hiive been in sonin ca«. s a|ij)!;or] simul- 
taneously to the smoke-box aud tbo lirc-boi, lit dvtermino 
the proportions of the total vacuum in the smoke-box due 
to the laeiatanoe of the tobei and tiie oontenu ef the fire- 
box s*|iafatefy. 

The indications of the gauge, in itirhns of water, are con- 
vertible into pressure, on the printiplu tkat iho atmospheric 
pressure of 15 lbs. per inch balaucoe a column of water 
(cot high; 1 lb. of pnasvre, tberofon^ balanota of 
84i, or 1-Slbat eTwMert ocfiirlhar dividing by IO; 1 warn 
1*7 iadiea ef water. A pressure r'>pr«'.<!«i;1c'd by 
of water may thus be converted iut..> oiuictts per 
square iiidi, Ly uivJ^:in;,' tho iiuniljL-r of inchoe indicated, by 
1-7: the quotient is tho equivalent pressure ia oaaoae per 
square inch. 

As tho blast operates by exhaustion, it rather toUeiti than 
forces a current ; and the same vacuum in the smoke-box 
may, viiidrr diUVmit cuiiditiDna of ilo.' boiler, indicate drafts 
of very various strength. For examjilak the nwaam indi- 
eatad with an aah>pea dampartridtapaa, andwhw there ie 
anMxinomdnJt, would be at onee increased whilo thi> di aft 
would be reduced, by merely dosing the damper. Tlii! in- 
crease of va'''uiin III th:» ca^i natura.ly acoompanise the 
supprnssioa oi the draft, as it merely iitdieatee a nom 
thorongh exhaustioB ef the doaad fi|ia4Mx and fiaea, while 
there ia Ian wack dona. hffSn, the greater the number of 
tubes, the meia eesily a given quantity of air flows through, 
and the loss is tlie indifui'jd vacuum, even wliile tliL> same 
rate «>i combustion is maintained. It ia neoossary, then, in 
estimating the draft &om tiw ewnani^ la take aaeeaat ef 
of eiionnutanoes. 

I what has been said, it appears that 
' htOtrkivibledjeuitlj 
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hj gMtfrOTrhfflfi coke-nxHD, and ksating aurlMe. In the 
«tpiXHl of «h* hHriwg mHW Ngw4 ihMM k* h«l nther 
(.J iis fehimp numarical valuf than to the indiyidoal tnAnn 
and tube-^oantittea, the raiiu <>! which we eonsidef pntcti- 
callj • mM«r of indifference. But, in tlie amngement of 
« gim m «f tiib»«iu£uii, th* iMdiag priae^ ahoaUl 
In tttabtOn • ki^i Meiioinl um of floMnqr. H«Nteg 
surface ia alao friction-surfAt't', ninl the wider the flue-way 
the easier is the citQalaiicu u£ ilic gimt of combnstion, and 
the milder is the nceoseary blast. The elemenU which go 
to (Km tab»-nr£Ma ud fli»-iraj, an (ba nombar, tha in- 
lidadiamaler.aBdtkali^aftbatHW Tbilwgwdie 
grate, a!> u, (he . asier is the |>as8ago of air into tho £ro-l>ox. 
It follows, finally, that the larger the grate, tLit- greater the 
number and ili.iiuctpr of tho tubes, and the shorter their 
length, the milder ia tho daf^ and tba aofiar tbt blaat re- 
quired to pradmiV TIm vnfU ISmUm vidiiii iiiiHii (Ua 
{tiiiaipb b* fihwrnd «iU ba afkMnaiida 
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lulaiiuii of tkt Bla*t-PrtMiii« and ikt Vacuum in tit 
SiHck*-Box. — It has been observed that, in general, in the 
■ama bollar, lha vacuum in the smoke box nriaa limglj vith 
the Uaat-prssanre ; that i«, that equal ineranenta m UaaU 
^iiis^uri' arc ucL-onipanied by seii~ibly '-ijuut ijin niMits of 
vBcuuui. With G. R., No. 25, the following preasures md 
vacoums were ofanmd in close succession, at a uniform 
apaed, with th« aame atata of fira, aod lothing to vary but 
tlw ptmm «r A» liMu in flj^liiidir, ani th* 
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ili.j li'a^t. M ■n.-uvi r, in the example of llio Ju[)it.:r, il,. 
rlss of lh« bla«t-prei»ui'o is caused by increase wf ifef. 
alona, aeoonipanied no doubt by a certain fall of preaanr* in 
the cylinder due to ytifdaming, aa th0 ipMd liaaa. Um 
it follows, li^ticrall)-, that whaliiar tha VAnatbn of the Itad 

is (lu'j III thf pri ssuri' ot ^t^Slri ill ttio ryliinli r. nr in a 
increase of epwd, the vacuum varies iu a siiuple Tuiio with 
the Maat. Again, tho vacuum due to a given blast does not 
appear sensibly affec4«d by the period of udmiaatont (W 
fuUowini; results from the Jupiter, obaervod b wiwii t 
sli .w that fi r t'lJC'i fU' -(fssive notches, tba TlltM af tl* 
Yacuutu is the same (ur equal blaua:—- 



Sd 
M 



4th 




Under the 1 st notch, and under the 2d also, fer Aa most 
part, we find tiiM lot orory indi of Maat tlw 
regnlarly half an btA. It appear* also that the 

produces ths samt vacuum uuJtT tithcr iiutcli. 

In twoother Luilti* of one cbs^t, Jititritiu' tiiatt-rially froii) 
C. B., No. 25, we find the samesinipk' rvlatioiiH i>f tho 1>!;i.h 
and tba yumm, abowo in tba Mowiag uUa. Witb 
tho Haba wo flod tbat the Taenvm riasa ineb for hi eh 

witli tlie liList ; in tJie .IiipItfT, the foriiifr risi'a ul'Out 
1 inch per inch of the latter. In all cases, we have 

fnaAHtM^ 



Tlie same agreement has already been remarked fwtfc* 
lat lad 2d notches of C. It., No. 25 ; and wo may conclude 
in fioanl that (Iw relation of the Taounm to the Uait a 
not aftolod bjr the point nt wbidi tho atanm ia eatoff iatbi 

cyliudcr. Tr 1. 1 J. within ordinary working Itmitt, ihepe a 
some rp«i!ou wliv it «hoald not be so, for tho position of lb» 
pi i.iit (if rdcx'ie, which rejjulates the volutne discharged, is 
much leas ntnablo than that of auppreaaton. Car difiBrat 
■dmisrians. 

Ttio.i::?! v.iijuiiiii i:i thr '.i:!!!' I-oil^r vari'"'' in a niwf^ 
ratio Willi tiid l<liuit-jj;t5-a.iru, it 1* all i ti d by other circum- 
atanots, the influence of which > rm l.ly perceived io tin 
oooiM of • jooinojr. A deeper bed of coke on tba pate 
raiaea thoTaeunm dae to s ffivea Mast, bf ineraaihif tba 

iiitt. ul'.y vf tic ii:issL,:i: <,t ali" in!" tlif In-o-hox; llu- clo^-Ti* 
oi lliv iliu.jjfi' liAi tltv jiiuia «:iri.iJt, Iiy uaiiu.viug the 
fur oir into the osh-pait. On the other hand, the oproiu; 
of the fiioi^loor redooea tbe taonnm, aa it ndmita a duimt 
of. air ffinetly into tbe fire-boc, and propoitioaaQy fdbM 
the draft thronjjh the coke. Ati oinniuu' iu'm tiie «moli»- 
box, either by leakage or «tberw»t, Uti li.v tibiae eiTcci in 
rt-duciog the draft through til* grate and thu tubes. 
Tbe iotatiou of Tiioanm ud draa majr be gtapbm% 
b^ tin method of enma diMm to a atnigbt im^ 
line, adopteJ in iirevious chapters. For e\;iiii|i?i , t* plsf 
in a curve ihc \^ues uf the vacuum fur ti>u uoteh v! 
C. K. No. S5, in Ublo K9, 0S. draw a base-line A b, ti»l 
divido it into e^oal apaeia, «■ Bnmbered,to repraant iachcs 
of auteorr. w Uaatopraimio; divide the Totieal laalt ' 
into equal parts, for inches of wat^r, ri* a aniri- of va jji;!'' 
Then, for 3 iachea of blast, wo have in the table ineiie* li 
noumt InadMSddiffliioaiorSiDdm^ofthatiMJb^ 
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iTraw an upriiilit cquni in liMi^lli to 1} divisions o(lho verti- 
cai leale, and fiDisb il with a atar, a ; »imiiacl), £rom the 




5th mi citlipr divipii.tns of tli-^ bxif-Un''. for tli» ^ucmMITC 

btaBt-ptcuuitM tabulated, draw rertieaU e^aal in aiunerical 
vdna to tiM rcktive tMttiimtt and Ibiitli tlum tritb atan, 

as in the figure. It appeara that they range precieelir in a 
straight line, a b, which when produced meets the vertical 
aeale at e, a height of \i mclir^. It it, when there is no 
blaat, tiun cu be no Tacaom except what ia dm to Um no- 
■iM dnft of tlw ebimnegr; ud ihit ii mt araaHj above 
iV incTi. Th? 'ini>^' a must therefuro be deflected to pass 
ttii'ju^h the point, A, Cu show the true relation of bla»t and 
vacuum, as drawn in the figure, fortuing the lino a. a b. 
To amago in tiia nmo wiqri the tibalated raeuunM for 



• BMaa 



iiiu^ wo 




sOu. 



tiM SA oolah of Nh 15, and 

fillfl tllB CHTVfl, fi^", 171, 

passing vor^- viosciy 
tfanngh them; and H ap- 
paan paetieaily tha aaaia 
aa iha eanra fer tfw lat 

notch, phnwing :,»ra]>li!- 
caiiy, what we have ai> 
ready nmiarfced, that, 
mi^lff t||4 lawif tiiviiiii* 
ataneat, Aa aana vsonnm 

acr-otiipaiiica the same 

blast, uuJer either notch. 

By projecting in tba aaoN way a whole series of Tacnuma 
obsarrad throoglioat aft antiia trip, tbair tariabla valiiaa, duo 
to am ar flMraaf tha caaiaaaliaadjr notad, ara daarly abown. 
Dnring a run from Glasgow to Curliil.'. v-i-' , tlin 
Uatt and racaum wsra oiNierv-eJ at regular lutervaJsi aai 



CM5. 



flc- 171. 




■ • T ' a ■ iim. 

imtt UUUm tfBiNt tai Twnit i* a E, (to. M. 



<ha 



I 



TIm 



ao abtainad are projected together in fig. 172. 
r«ia is gmtml Icept freely open, and a daep bad 



of eoke, from 12 to 1€ inches thiak, waa maintained in the 
fire-box. Here, it appeal* that the ;;re«test Tarialion of 
the raeuum for any uno lila-itprf'ssurc it finch, between 
?f and 9i inehca, due to a blast of 4i ioehaa. In gmatal, 
t he variatiaa ia nwli laaa tlwn tbia, and indiaalaa, whal was 
really the case, a steaily depth of fire. Drawing a mean 
line for the average raeunm, the curve ao prodnoed turns 
out to be identical with those alroadv found from the iao* 
lated aeriaa of obaamtiona ia taUa, JNo. 6S ; and it dwm 
that Iha vaawna rfaaa aofo lapldly fai prapettSini to fbo 
blast durinjj tlip first inch or two of ttip latter, tliat 
ultimately- ii linea uniformly at il;e rau- uf aWut i inch per 
inch of blast, as previously found. 

In Vq. si, 0. IL, tba Tariation af raeuum was mach 
greater tban in No. SC, aa vafiad on firojaating in fig. ITS, 
thaiaaultafram one or two loni: mvi^. ITi-ro. fur r xuiiiple. 




MilbairiMMl 

isaa.ii4(L 



■4tnt. * ^'Siialiuu of 1 mcU lakes 
[■lace on very low va- 
euuma not excaading al- 
togetbar S todica. Tho 
mean line tarns out per- 
fectly straight, and ascends 
uniformly at the rate of 
inch per ineb of biaaU 
Tbia angiao waa at all 
t'mn Worked with tli» 
lowest possible fire, commonly oliout 4 to t> indies thick; 
though occasionally, in preparin:; for a heavy pull, the 
aoka waa laid on oonaiderably thieker. Thoa, altagathar, 
(bo tbiekntaa of aoka «i«r tho baia of Now 51, tboi^ 
generally much less than in No. 25, waa lesa nniroruiiy 
maintained. This explatus the greater fluctuation of va- 
cuum in No. 61. Further, No. 51 maiatains a lower maMi 
vaeuaa than No. SS doaa, for blaotppnaanna nndar S io/diaa, 
and tbia ia a dinet taaaH of tba araeb tbuuiar M of Jbal 
carried by the former. 

The table, No, C*, tioxt page, contains the diuitiiaious of 
the boilers subjected to observation by the author, relatifa 
to tba pndoetioB of tbo *aei>Bm and tita ganaiation of ataaok 
Balmon tbo Taemun and tbo fbnnation of ataatu tbera ia a 
necessary relation, us tlii> vacuum measures th« 9trrni;tli of 
the draft, wliicti ri!gulali.-;s the combustion, and caiu£.<]ueutly 
also the formation of steam. In the table, there are also in- 
dadad tho dimanmaa of tba Smaka (London and Soath 
WTaalam BaUway), tba Sphyni and tha Atha (Haaabealir, 

ShfffipM and I/ni In-liire nailw.iy). aii't Nu. 30 (Muiu-hes- 
ter and liirmin^'iiani ii.ailwa^ ), ot which the latt three an* 
goods-engines, made by Sharp Urotban and Co., and the 
Snako and tho Spbjrvx foca aobjaeta of our plates. Alao^ 
tho diacaaiona af Kilamand Oo.^ pu»eiigtr-t;nj,ntt9 (Leeda 
Norttitrii Railway), for the JeUil of wliicli st^o our jjlatcs; 
\V ilaon and Cu.'i paisaiigex-cugiua on the raiiwar, 
and Stephenson's early six-wheel engine, figured at page IS. 

Tba Tariatima of vacnam vUab tafca pbMa ia otbor «- 
ginea ara Iho aamo in aharaetar aa thoaa aliiady iOmtralad. 
Mt'.lii vaouum-lincji Ii.tirp Iwn found fur most of tlie tx.ilerfl 
specified in ihe uhie Ha. 6i, by the method already ex- 
plained; and they are grouped together for i>ift||aiilllll> tm 
diagTaat-platoV(Bppar]iari),on gradiiatadaMrfaaia,ifpiaaiirt- 
iag bHhai «f Matt btriiouLUIy, ;uid . 
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Hon. — ThkkneM of_Tob«» ]^ inch, »ie«pt^n^3ggh^»on^« Loc-imotive, tViocli' 



«H nditrf tk l| iMim, «hM UMi «ia 



lUB.y, For muy of did eofiiaaii, arm m ^ot-lioinig ai« 
■ddtd, tbowtng tbs inflaMiM of an optii ira-door and other 
e!feai»stane«« on the ohserred Tuamn. To show th« de- 

peTidcncf- of the vai'uum-liiie nn tlie prnjiorliiitn an<i arraiige- 
mcat of tb« boiler and the eonditiona of it* •oocegsful 
Mttm, UlibK*. n hw Wa pnpand, gooUining th« nec«s- 
Miy data, derired from the {uraMding tabla of diimuioM. 
The first ei<;ht eolamM contain the aecttonal areas «f the 

I 

fliie-w.ivs or p.niajes by wliich tlii> Air ami .niinko aro drawn 

thraugk tlte boiler, the friolion-earfaoe of the tubes, and the ' 
uwof lyBadar. Tha aarttmlaiaaaaia dedoeed from oserr- 
tained dimeniione. The area of grate U, in all cases, ealcn- : 
lated from the inside horixontal dimension* of the fire-box at \ 

the boltoni, a-i tlitso give tlio roallv availiblo area; anii the 

anaof alr-spaee of grate is found hy dedncting the eoUeelive 
•m«lgnM*4inaadhwibaimfimBaagi*tMMft. TM | 
interior aaelMDal arai of taWa k had bj multiplying the | 
area of one tube, due to Its interior diameter, by the num- 
ber of lubes ; lb(! are.i of ferule in like manner ; tli<> sen- 

tional area at the bottom of ahafi of ehimnejr ia taken jiut | 



wbora tho baao UMite tho body or afaoft; tho friction-«ai6» 
of the tubee is found by mahiplving the interior rircoai' 
ferenee of one tube by tho Icii^iU between pHtes, and bf '!» 

number of tubes, auJ it is in fact identical with tiu'ir ii* 

ing aur&ee. Cola. 9 to 15 eootain the r«Utire valuM « 
the f M«MO in twma of llw gMta^iMt, whith bt tUi 
purpose is taken equal to 1; and cols. 18, 17, ISoM^*^ 
values of some of these areas in terms of the bbrt-anl'*- 

Tlie i;i'ate and ibe bla.^t-area aro the jirincipal rli'rnsots 

cemed in the ju'odttctioD of (team, and it ia thus «xp*^*' 
that tkaj dioold loadopMd w witia Ibr coflapariseci. 

Contkinfy i^tk* Exkatutinp P«itfr of tU JMiifc— 1' ^ 
in all coses been remarked that an increase of *aeW 
LMmpanies au increase of Mast-pressure, whether il«» ^1 
arisa from au iaonaaa of apead or of exhauat |««isar« *i ■>* 
leaaa. Sara ■« (1m biglieot aloarrad ipaadi. OencsPi 
rises steadily with the bkst ; and this unfailing 
of action provea that the blast retains ita properly 
bauition witliiii all |iraoli'.-.il limits of ?p«ed ami jtftlia^** 
Bora. Xlta ncaum-diagiama afford abaudaot eridtfO 
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ttie correctness of ll; - 'i - 'tision, .in tliov, all of tlicm, 
rUd to lite lut witliout any nuieiial cluiiga oi directum, in 
a tiMMly nuiit with Uie blast. PartlcuUr prooif io point 
oaemr wkm an mglM tlipi ita drif log wh««lt; on taA w 
amuim, tiw ipavd ef |ialeB mtj wuAMIj\i% wiiaii to * 
degrc* timcli nbnve wliat ever occiii^ in |ir;ictioi:' ; ths h\*sl- 
pmsore luid llio vacuums have bi-cu ubscrvcl to mount 
eqiuUy and wmultaaeoualy even to th» Iiighut limits of the 
S»i/jm, taA to rabaida aa qrofttbatieBt^ wben tin ataaao 
ia ahmt «IF«r ladoaid. 

It ia observed alio that, tliough tlie racaum riMs with 
the blast at rates eonsidcrablv different for different eni^iDsa, 
yet, as a general reault, lha vaeunm in tin) .^nujko-bnx, f\- 
ptaiod io inaiiM of mlar. ia about ual to tho blaat-pna. 
a«ra «yek acMlaa il, iMiMuod iM iiNliat «r «Mn«x. 

Jtelatiou of lit Form and Biz* ofCktmug tt Ana of 
BUut-orifit* ; Ktidtne* <^ tht Vaeuum-Uitt. — The diameter 
of chimnej is a matter of (■•i.-iMitial importaiicc in tlip rli .O^n 
of a looomotiva. Ordiaary statioDarjr^ngiDe ebimoeys can 
hinllyboiiiadolM htgo tn iMrtmital mwi « aiM of «zlt 
improves the draft. The known adrantagv of sectional area 
in these cases ia sometimes attempted to be transferred to 
lucoinotivv-rliimneys, and this haa httn tlio vice of tlic sys- 
tem. It ia apinrantl/ orarioolied that the draft of the 
]awaeliv»4eilar ii mMf dM^aot l» Uw anporior Wl^of 
ftonkna af hat air iatli* «liiiuHj,w Jb 



mivine ex»mple<i, l)ut li> tho eshaaatinn c-fT-trtod by the ine- 
etuMiical action of tho blast. The ciiiiuaay, therefore, 
asaamea a new character, asd ia, in oonjanction with tho 
blaat-pipa, w olMuutins bimUm; Md ito oflaitiicj ia 
dapaodantoiiaottnljAAfoiitoiMUidontian, TatbtMwt 
shall now direct attention, with the aiii nf tho group of dria* 
neya and blast-pipes pertaining tu tLe eugines under miair, 
shown in di.njr.iiii-plats V. 

Fim, <u to U0 Ihfimm ^ Ilk INamtitr ^ numuf,!— 
That a ehimnay mtf b» tao higa ia oaait^ pfovad. For 
example, C. B. Nos. 124 and 125, iJBncieat in M oth^r 
re«p«eta,had chimneys respectively I7i auJ lil incites dta- 
iiinter. It wM attcnipt«d tn firnl steam by employing a 
redoeed oriiico of SiV inehM for tho widor thimiiojr, -Jsth of 
ita ana; that for tho amallar oIiUhihij of No. 1161, hmug S| 
inches, or i\th of the area of chimney; and even with the 
smaller orifice of No. 12i, tlie engine was Icnown to steam 
b.vlly. Till- inferior steaming power here alladed to is con- 
firmed by the vacaiun-lines for the i«^p«eti*o angiua, di^ 
gHUhibito «» b isbieh wo find that to 4 bdm of 
vacuum. No. 1X5 rtqairod 4 inohoa of Uaat; whereas No. 
124 required double this pressure, or 9 inches of blast. To 
prove that the inferior v.hmiuim of So. 1 '2 1 «»s due to the ojce*s 
of oUimnoy, the cltitniicvs <.ti lUo two engines were exchanged. 
WithtlwaBallcr chi miiey the vacuun-lioo of No^MA km 
mA infmwi, « aliovii by tha VMNnaHdii^tMib XBd 
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mciwwiij Matt fer 4 inclita of TMoum f«U from d to 
iMiMi tlM»lt.«iii«luiaflilMl{|ith«}Mtor«Myfaliia<l 

as pooJ a Jraft a-^ 0 imrtics in the former. Further, to refer 
to No. 102, with a IS* inch chimnej, and an orifice of 
4tV ini li«», a 4 inch Tacuum was pri^luril)!.- by a 5i in«h 
UuH, lb« pco|Mrti<MM of boiler bmg maeh like thow of the 
ThtM raralto mqr be thw phaod 



leqaim 0 ins. 
reqoinn n\ in*. 

rnvjin'i-.* i\ itit. 
rl■lll;i^L•^ .'ij ini. 



-To vii-lil a 4 inch vacuum, 



Ho 3i ins. 

r<^ do. 
Kq. Ki2. 4^ ina. 



17i ias. 1 to 24 
Ul ins. 1 to 18 

IS} ins- M»W 

(,l,..,r .,,„.„) 
1S| ins. HaU 



Mora it, is clear that the amallcr the chimney the lar^r 
is the orifice, while tin- vanuuni al'o is impr^vi! I. No. 102 
indood rtf aim • riighiljr groatw bLut to givo tiiA lamo tsp 
«niii; bntlUdlinnM ii 4«»«»i1m VMUagWfit A» 
bas« otiY.i) ehimncT by the blast pipe, which is more prcjn- 
dicial as the diawvter of chimney is reduced. Thus, io these i 
eases, the boat retuk iiaa Lkod obtained by reducing the 
tkmm^tai ailaiging the ori&e<i,tiU tiwamof Uia CiHrmer 
beeomw viAf IS tioHs that aT tlw bttar. With th» 
15} inch cliiiti(ii-_v, it 19 fouiiJ lli.it No. 127 eteams as well 
wiiU a -1 inch orilicf, li iLh ui ihv chimney -area, a» Xo. 1 2-5 
with a imaller orifice. 

Aaotiur cuunpla of tha inifficune/ of » ndiutioo of 
•tiflc* mdnr certain oonditiow {• tShcM hf (ho nnllB 
from Noa. 13 and 14, C. 11.; with pr^. :-f1y the same chim- j 
neya, they have orifices of 4 A and 31 i iuckoa, respccliToly 
i^th and i\>th of the ehimney; whereas the racuum-Iine of 
No. IS ia orach tbo raperior. Thoi^ to jMd 4i inebM of 



Vo. 13 reqnim , , . . 4 Inches of 
No. U, with clinkend |l|r«ilt, <lv. 

Do., wjtli clear gnat*, n,- do. 

No. 14 b«in» employed ia goodi liaffic, with iiaary loads 
«t BodoKto ipMd^ vkM an «ngiM worita (• mmt advan- 
tage, the'air-gpaee of grate was redaoed to less than that of 
No. 13, aa shown in the table, with the view of checking 
the draft, and tliv driver vcss in tlio of further cheek- 
iag tba paa«g« of air by a layer of diuktn on the gnte. 
Though tbaae eireiiimtaneee operated lemida isertaeiBg tho 
racnnm, we find that No. 13, with IB ofM gimto and no 
elinker, ehows the best Tsennm. 

Again, with No. 73, tho enlargement of the orifice from 

Si to H inebea, bom iVth to -^sth of tha chiouMj'e area, 

had • iMoaleU alKat upon <ha dnA, aa w Cud tnm the 

raeuum-linc-a that for 4 ir.clies of vacuum, 

an oriflcc 3i is&hoi, to cLiimu^jr I Ui iU, icquu'ca lu^. nf lAji^r, 
and do. 3| do., do. as 1 to 14. do, 3 do. 

Tha nemm-linaa of the Hebe and the Orion (E,&G.£.) 
en ranaikaUe fer bring the qutefceet on dw diignm, 

unJ tbi'V ap[K'ar to liu .ilj'jut 0'.[u:il!y <|u'c?;, wliilo their 
onfic«s are ll ii aud square iiiehea. TheM boilerw 
difftr mostly in the flae-areas through the feruloa, whicl) 
•M 0^5 and 1-53 aqaara 6et napeetivtlr, or aa 2 to 3 
wmAf. Tho eitremely eontncted flnft^my of lh* Ifehe 

accounts fur tlio Eiiiallcr oilfice of fliat mijiiif; run! tlic 
st^eioui designer has adapt*d tk« chimney to Uu bk*t-«ri- 



M chimney to (h« blatt-wi- II 
«l7lHfaMd»adia.ul.r. j| 



or 10 times the area of orifioe. But, vnmam-linea esnont 
be faaflKdUj traated aa indiecB to tboatMiniug qualities of 
tha eogiaaa, where the proportions are niAtacialljr diCsrai 
We find that the Pallas yielda a very low TnenQm-lis*. 

wliich apparently inJicalo* a want uf liraught; wliercii 
engine had on all oceasioiu a •upcrabundanee of «t«si, 
wUeh iai|«}iad tha daor «• ha kept mostly opeo; and tb 
moderate vaeaam whieh to ozhiblta, is the reanlt of it* «■ 
tfnftre ^rate-soriace. Irrespective of the vacoum-lioe, «t 
find irt tlio I'.iIlxH. as in tiic two other*, that the ares «f 
chimney, 15 inches diameter, is relatively amall, batagsalj 
Id tinua tba Uaat^flea^ 

The proportions of the Snake afford further proof of tk 
efficiency of a small diaoieter of chimney. To compare tb« 
Snaiic', and ili-' <Jri'>i), I'], i G. IJ,. wliiUj tlir ir Mlera har« 
about the same Bue-areae, the (bnner baa 200 Cm! am 
tab»aufiMe$ aaiflMMRh altegatbar iU boiler ia taig«i; ib 
chimricy is but 13 inches, white that of the Orion is It) 
iuoLua, ami tlieir respective orifices are 4 J and 4tV iBcb«. 
Thus, with sensibly the same orifice, the Suake work* s 
mueh larger boiler bj the aid of a amaUer ahinntejr, theana 
of whieh ia bnt tinea the bhat^wiSea ; notwithitaadB; 
the iiiciilrnta! dlaailvint.iL'f i>f an infltwt exhattst passant. 
Agsiu, the (^iict;u, il. k S. VV. H., with ue&rly umt 
flue-areas, has not much above two-thirde of the labr- 
aaHiMe i and yet thie engine requires • 4 ineh oriiiee, fer a 
14|- indi eliinmejr, if ineh larjfw than the Snake'e; in tlv 
case, the chininvy ti^> an ttrr;» of IH tiin' s the •jrifii i>. 

From what has just him saU, it is sullicicutly clear tint 
for a given boiler, there is but oue diaiuetor of chimoerof 
greateat effieientgr,— that ia, whieh pecmita of the gnetM 
Uaat^rillea. Mioald tha eldmaay ka h m aaaed the eiil» 
must be reduced ; and of the necessity of tlii^ we Iiai r fii^eJ 
ecToral examplee i though even the effect of a rodactiiie d 
orifice beyond * United propertiea of an^ eeaaea la btpM^ 
ceptiblo. 

Secaudlif, of Ut fnjhenet efa$ Fum tf (lU Bhdfipt .— 
A crookt.l cxliiui-l p;vss,v.-c, uspci-'jlly towards ilio uiifira, a 
anfarouraUe iui cllicieucy of tixhsusiion. The oi>ii(ju# di- 
rection impressed on the exhaust steam hj the inclined jrt 
of engines like No. 51, is oniapienooa efen to the eye, wImb 
engtnea of thu chaa are wvMug wilt 
high steam at a A:,\v pace. Tin- flesm 
is observed t«> shoot righc and kit <^t<r- 
■ately from the top of the ehimoer, 
■ewidiiig aa it leana thaltftori^ 
hand eylmder; aad Ibltowt thadiieettn 

of ttie (Int linw, fig. 174, Sr. JeoiiloJ is 

ihis biaji laterally, in practice, that 
material of the chimney on thataaltdA 
about 26 iaehoa above tha eroM^wx* 
away by tha lateral impragemeat <f At 
blast, insomuch that tn'oasioial [mi 'tw* 
arc required to cover tin- t'jilurta of di» 
original metal, for about IS inches above 
and below that level, fiminw << thi 
variety of N0.IS, fitted withaaa^ritp 
4 inches long anJ npsrly cyUndri««t 
show a mueh bolter action of the blast, the lateral deviatiM> 
brio; naar^ ia 



Ti(. Ut. 
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Aecording]/, we find U>at No. IS haa » quicker vMuuai- 
liie iIm N«. <1« tliMj^ thk ii ^MiMm nlwtiU* alw t» 
other cwuw. A maiiMd etntiMt k, bttwmr, 1o ba 

found bctwMD No. 51 and the Orion; in the former, all the 
scLnional artiis of lluc-w:i_v aru U'?< tlian in l\,<s latter, ami 
the tob« or frii;tion-«urfaee ia greater, and therefore we 
•hnU look bt » quiekar vaaKMn-Une in No. SI; vbereaa 
ill tbb aagise 2 inebei of Taeaum require 3 inches of Uaati 
vhile fer tlw Orion only } inch of blast is necesaarj. With 
the same cjlindcr and whe«l, ami muiily tin- samn rliinincv, 
thia difference is eonspicuous, aud is due mainly to tbe inte- 
rior node of delirering the blast of No. 61— obliquely from 
the <mfioc, while fram th* Orion il is diaehaigod viriieillj 
from • straight pipe. On the eaine ground, the rMvnm-VBO 
of No. 46, G. Si S, W. n , wUh » wide orifice, ia xs ^ooj 
08 tliat of No> 125, G. B , wiiii a much smaller onticw. 

But OTNI thonglk <lw bla«t-pip« may bo formed to project 
tlM aloMD virtietlly vpwunia, it mnatalao bo placed precisely 
ooneentrie with thoohinmor. A hairinehof divergence has 
lipL-u kimwii to ppoil tlic rlr.'iT'. uf an engine, and 
yet SQcbwaal of a-iju^ttnent La frequent enough. 
ETen the finish of tin- is of importaneo; 

■nd it hM kowi Crond Unt «i|iofiAr nnltti aw 
ohiahMd from an orifloo faUl<i!l to Mi^ta on 
tlm oulsi'Ii.i. as In rc sketched, l.i.ivini; a:i i-.l-f ,,' 
iV inch thick, and slightly turned over fmrn tln- 
inslde, aa tt •> The benefit of the e-xltr.nr 
boTilapjMm to eeiinal ia the facility it offen for 
tho tpptmdi of iIm MinDimding smoho uto 
contact with l3» oMMujot aa it Imim tho 
orifice. 

An eaajr aaAmst pasaaj:e from tho tjHaitr to the orifice 
i« of importaDoe ; the blaat-fjfo tbonlil taper only slightly 
frora tho Inmo upwards, and aboaM bo fitfaored in chiefly at 
the i-xtn-iiiity. A wide p.-usi^D up to the nozzle places the 
blast much more under the euntrol of tbe area of oriGre. 

Thirdly, <if tk* Aditantagt «/ rtadi/ acem to ths Ckimmy. 
—In this no|Met gnatdiffaNDota m oliaanrod. Oompanng 
N«. IS and No. $1, 0.B., of whleh the ehiniDiy of lie foi>- 
mcr gradually gatlicir.I in fruiii an inch opening in 
the smoke-box, pemiittiug sunia freedom round the blast- 
pipe, while that of No. 61 ia planted abruptly on an open- 
ing of IS ineboa, withwhioii uioorifico i* fluai^ «o find that 



rit-ut. 



n 



1 3, with orifice 4^ incites, requires 4 ioches of bisst. 
1 , with de. 4 ijiobei. requifcs 6 iucbes do. 



No 



The extra Uaat nqoirod for No. 51, thoagfa ptrtially due 
to ito laisor oUgonj, ia BO doobtomf olaotothomferior 

entrance it proridea, and the contraction is a?c;rar.a(i>d L<v 
the spreading form of its blast-pipe, which pkiiily oiTtri a 
greater obstruction than that of No. 13. Accordingly, it 
haa beau tiMuid that tho ongioM of the eario^ of No. 13, 
■alo ttaam mtt foodiljthaB thwo SkollBb Sl,r-«diire- 
nnea wfaioh ia doe to the nhtin caiiiwmitioo of the 
chimney and the blast-pipe. 

Fi-i- il,c (.'afiiciuus .>r;licLi oi ihr- Aiiivrica, the engine is no 
doubt much indebted to the easy eutraneoof ita ebimney; 
tlie body of tho ehimnsy being only ttino tnm tbo ana of 
tho blai »<ri t « » But of aU tko iqgiMa baCm w, tho 



Orioo. G. b S. W. R, No. 7, L. N. B., the Engknd, 
aad tlw Sphinx, havo the best dispooitloa of Uaafrfipa ; in 
thooo the orifice is placed considerably below the crown of 
the snioke-b«z, — in the Orion Si inches, in No. 7, 8 inches, 
;i; tlif Ki]L:b:iii 7 incliM (Ih'Iow IjOttom of ehiiiin<i_v). and in 
the Spliynz 18 iuchss. In the amngetnents of the Eng- 
land, tbo nalnmbaw Itndiaitliooblainmont of tbo gftalait 
oAoUnoy in vmj part il fho «ag^ and with moeh aao- 
ec58 ; and they baf« fiioni tbo boat teeel, consistent witb 
tlw l.tigest orifice, for keeping up the stcani, to Iw is now 
etated, — 7 inches, which ia bat a little lesa than inches, 
the diameter of tho •Uamq'i and tliis la bM 10 tinaa tho 
aroarfbkat«rifiaaw 

Tbo ranunltaUy Tow torcl aAtptod hi tho Sphynx as that 
wliirli pcrinittcJ of tiie wiilf«t orifice, was the result of some 
successfuliy conducted experiments by Mr. Peacock, ioco- 
motire superintendent of the MancheaMr, 0iMfield, and 
Linoobahiio BaQwaj. nado with * viov to aoooitKn tho 
most fiiTonrablo oenditiona of draft. Tbo taUo No. M, 
dnswu u[) liy Mr. Pi'awck, contains the suc^'.'asivc results 
obtained by ijim on ihis subject ; from which he has per- 
fectly eetahlished that in the Sphyni class of engines, tho 
lower the level of tho orififlo, within 18 inehaa of tho orowili 
the greaUr may b« Ita dbunotor. To aaeh an aztent is tho 
diaiiid^r 1 tint a 4l incJi oiifice, I inch below the 

crowu, is not so «liioi(;iU a.i u It inch oriiiea at IS iuchea 
below, aid Iho am« of these are 00 S to 4. At 6 inches 
below tho uowB, a 4f inch orifioe waa aa good aa d^ inflboa 
at k inth bolow. At llf iaohoo below, a 4} ineb orifioo 
made abundance of steam, and was aa good aa a 4^ inch 
orifice at 9 inches. Though it lias been agreed that an 
orifice at least as low as the base of tlie chimney, ia favour- 
abla for drab, tho adfantago of passing the blast tkrot^ 
and not nietv tho omoko baa boon but partially reeoguifod. 
By the u»e of the low orifice. Mr. Pi-ar.jck lirin^i! up the 
blasi-area to tlie desirable ratio of j j - th of tbe lower pari 
of the cbioinej i and he has adopted the aaoo Kisngement, 
as far aa piacticable, in all the other engines under hia 
charge,— and with andiidTaataga in the passenger-euginai^ 
as in all cases (o permit of orifices equal in ana tO tho 
steam-ports, — feuuie s>f them even larger. 

Tho orifice of the England, we have seen, is at a distance 
from the entnnoo to the ehimoej a Ultla lesa than the di^ 
meter of tiie lattor, or 80 pir eant; in tbe Sphynx, wo bato 
found il .1 liitlliing more, or 120 per ecnt. Tin- mean of 
those, 100 [:<i:r cuut., indicatea a level of biaat^rifice betow 
the entrance equal to the diameter of ehimnigr, to ba la 
general a safe and edieitot mle of ptaclloa, 

Tho beBedt of email ehlmnayo ood Iroo aooen (o tbeai, if 
fully acknowl(: Im>J in the engines of Kiison m\A Co., and 
Wilson auJ Co., specimens of which are tabulated. Of 
these we shall have wore to say in following paragraphs. 

OfA» Jithtiw Yatmm im tie £ b iukt4i m mud tkt 
bo*. — Mr. B a m ib o tto m of Ifanohmtar made lomo obatrv*. 
tiotts on this subject in 1847, on tho Manchcitor aiil 
Birmingham Bailway; and he found that ia one of SLarp'ji 
goods-enginee. No. 30, M. B. B., qnoled in the table, 
having 147 tobti^ li iaebaa ootaido diameter, and 18 feat 
1 0 inohea long, giat»«na 0*8 ht^ Oo vaenm h the aanho* 
boKWH^ataU madih thno tinm that indlcitod hitht 
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'CobM not 
L In htMnA pip*-. 



ti.,l iKrll. 
iiie bat lutuwla 



Mull* tivaiB isticd l:«'tVr I't 
/Mii«0 hHtn- fur Mc.^in 
\ wiUt 4i Ultrt-pip*. 

M*i» MHm <qu*ll]r •• mli m with 4} tki(-|ii}» 

rFoond it to he hetfmr in tbia p««itMn tliu UTvkf* 

wHftv we tri«d it. St«MU |»l«aCJ*M' 

'\_ olTftfaDllt ODr ' ill tunr. 

A4mn |il(t>tT baU mtyt, t«l l«>d lisbl. 

Hot wr la turlt ma vajr, ami alcam jiImCj. 

Jlo« «*ut in mdtt bMli <ran. 
r Tk« I J iMwl* ucnm qitiw M <raU ia Ih* ItMtftii' 
\ tinn M itM 4) i<4 in lilt kifW. 

Smtu taAeloiit, btil a«M tu •para. 

{IUquir«J die v'- t fn'-ri Sll^f^l.•^^. r%n irrm 

Oi« rain an^ » I^^^t.v *4tla nitMi. H'« <unik^ out 
Uara pit (i|i sitlmiit atMiUiiM. 
riMBiM'ii'**.*! vitti h>liingUMi svodw. aDd red aw J U«nf»- 
ctly of Um uiioke-tvt |rd: fowd tli« cngiM tomiU 
kUam ^ileillr tiKUr «itk tbe alt^fauon. Hraa 
liV>>in{ of UhL waja, and llw dmapar tloMd aim 
oae-li*l( iimo. 

S<iio4(*-hui tli* aaiM at An;:ijtt IT'th. W.- a!J ant 
(Warn ta wkIi at «ii Itw llfih, b«t it »a« iianlr erf 
to t)>* flao-area be in( toe cMtnrtwl fram tM tuU-oii 
tooliimney. 
r Ma>4» Kintin marh MUir Ikaa an the IVtk 
\ >*il**aii til* illtli. 
.SuKikr-boi mlargrd to ita fall uie. Ma/da attta mr 

badly. K.ltlt. r \l:r .-.■■■.•cl'v . f ■• lir unj k" l.n inri'' W 

rv<liir4Ml, «r t nrr-i nt 111.' i.i.%.i-f.i|*' .il^i.it - .-t'lin 
larim li(A<T« tW t*{3£tt)d wdl make b..«»xii iur J« l^i. 

( ConiiiWfKvd wUli Hull (ooda. and tbt t«tt*e*|« UK' 

) nl|i«. Made utnni w«U Iwi^ 

{' M>j« ttmia dreiilMlljr brtter ia Uiia ptaM (ban it di'J ii 
tb* kiitnr viit. U ia mm at luw aa v* «a> |iM it 
8tt«m blowing itfT. bptli wtjt ; bolli danipon eltaed. iti 
fire-dour open aStiit half ll 

/Made ttvaia afB|*i«, blowif^ <'ir n<nrly a'l C r wir St 
J fi\M Uimigli tilt WuwIboMi tttuaEL I tJiiltil tiic 
( p\ft wtMiU <l« a littit larj^. 

r DU«l-plpt tto Ian* for aiicti a load at lliit. CtaM k< 
I makt ateaiB, and oblrcrd to |j«t etie botk in. Tfc** i* 

lilt grtat«>t t<«d »• liaw Ttl Ukea. Tkt nft» 
I w»T« »iTy kta'ily ladta. and moat «f tkr ifinaji di" 

W .ltr ttaimntHl frr m M.ncl f-ItT to Da«f«d. 
; •na. Wt litre ukrn U f'. rt "ij J'.>tl«d trajjtoi. 'f* 

i^UO gtiUiiit: but t MmrnU u.ink ttuey moild not l*M 

beta il;r Uulon bv oM-b<irtk at lliaat abort nniiiMinL 
ComiiMond with llit Pick-ap train. Mad* ttMm ^ 

badSj i tk* blatt |>i|« loo larf* for ladi a land » Om. 

Iwt «iD aakt M««in fur abaiit 26 waopm. 
Tht foJir tbat wt jot fnim Gorton o^ bad oaaTitt— «• 

« -r-t III' li.i.c .'.rr ),»'! iViic, ^u,■rr I 'u'd .<-■■.> i~* 

n^iUi- *fr)iiM " Ll' U ■t.'i'.l ii!) t.v |Mi.).!>. 1'' ' 

£r«tC'Ut^s wm 

Wt had liia 
ihra w« had (ta^if 
br » tr 1* cwt. 

Gotoam«t«ri»«t Bkrffitld, tbtG«rtMMfe«W*r" 
irtnr bad. Tb* ijiuutiiy iiatd tram Maaektiltr " 
fih^ffitld, 30 cwt. i rvtiunbi;. !6 rwt -• 4« ewt- 
51^ par mile. 

Cukr fmm Gorton to-dtr ttry good ; nuuie KieiB 
up to Woodkiad ; and Vrm Slwffl Id to Duajind. wiU 
th* Nonk oike, we had tlia grsaUnt difficulty i» otti^ 
iteani for tht U(kt«r load wttk tka kknt-pipt ^ 
hlglwr potltioa. If tbi OortM wlM •j*>Fj' 
tba tama aiialUj attWaiivbMtlHid ••-4qr> 
plfi *Nla «im WX «ilt i (C M iMt ' 



n ntdt up brfiira at got t* Wttdhwi 
.Vtrtk OwMi* «fe* M Mr »ttac«.»t 



fa flfdlmj tbwnmtaaeM, tlia vaenmm in tin 

■moko Wid fire-twxe? wew re^pectivoly Ahnd 11 ainl 1 ^ikIim 
«f wat«r, ahotring ihftt 4 inchea of Tacnam was required to 

tew dM lie IbnMih tba firte and llw fall, tni (IS— 4), w 



8 ineiiM, tot dmring tht aaafea fhnagh Ih* taW-* 1'' 

round aUo that tlie qnulity of air which eoaU 



• rim. 
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Ilir6u|;h one ol ih«M taltM. having » ferula li indi iniid* 
dUmeter, at th« fire-box end ouly, was 10 p«r cent, fflor* 

tkan chiilJ bo pass-jj tlirou^li tlif isatiio tube with fcrulea at 
hoU) end« : and that, under the same prenare. 25 per cent. 
■UNw tlm in Uw latur owe, wnM b« Mtt Umagh th* (MM 
tabe withoot • (mh it •ither tnd.* 

In September 1848, Mr. J. V. Gooch made esperimeDta, 

witli tlif saiiM! objr>ct, on tliB .Snake-, rumiin;; on tlie L'Liuiltui 
ud Soutit- Western Uaii»ay, from wiin-h wo find a very 
diAflBt ratio. The foUoWtit^ seni:-> of n-Iative vai:Liiiiii« 
otMrwd ai close intcrrala ii atleotdl Snn hm tmmmmF 
tlona OB the enbjoct, wttli whieb «• hxn bwB IsMtrnd. 
Tlie atpim wn cut oir at S;- iiiclica out of 21 inchee of 
■tivke ; ami tbp speed vafi^i (mm rr'> to li'i mdet por hour. 
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llcro we obMTvc tli» diflVrence duu lu the tuLt* riieevery 
mucli with ths vacuam in the fire-box; and that wherfM, in 
Ifr. lUmaboUom't aperinmUi. the tvbw tmifittjui t««> 
thfrds of th* total nmram, fat thii cms, they nqoiro litllo 

Bloro tliaii cuie-half. 

In ISjO, M. PoloHMan, in Franci?, made ubJl^^TatiQn5 oa 
one of the Orleans Bailway pa^iciii;ci -«ngine9. The engine, 
■ail* bjr StaphoMoa, waa of the fullowhig dimaoaioiia:— 
QistMim, (Im(; ICO talbfla, H iiuli buMt dkaiotar, 
12 fcot b^ng. Ths sp^td raricd rroiti to M niilffs pef 
hour, with a lii'ht tiain. Tlia blajst-uritjco w.w of variable 
•m^lind the objirvslioas were made with il amli-r tbroi 
aaafttioBi^— eatirelj o|i«n, balf open, oJoaad {f*rmiy, and 
nndtr iiglitiiotolm aftlM aaeta*. ThalUlewiRf wmllia 
rL>ju1ts otitaine 1 M tabulated M. Pokmwn, tnmUtod 

into English measurea :|— 



WBUIt Ml. UniL— (IK RKiATiv?. VAcruM:^. So. la^ VAUi MD 

OEl.EAl«8 BAII.IVAY, 15:a 
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* TretoU on tbe Suam Bnmmt, ToL i.. 1850. 
t 9M» 4m, MtimiOm OiarMHir el Cm*Mtmr 4» JfariMiM 
LiHirfinftii^MM. 



Ia tliia aaaa «• paNalaaOafclkanrnm intliafii*^ 
t*abovaoae!iairortliatintfM8iiHilt»-tMif. NaaMMwaip»> 

riiiK'tita of t.niic kliid weia made open the Northern 
EaiKray of Frane«, tA wbicli M. Foloneeaa fumishca some 
of llic mean results in the following tabk: — «eparatel;r for 
each engioe, with thiea diflwwt anas af Uaat^riliea in 
ordinary aaa ao iIm line. 
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Mun ratio of Fire-box lo Smoke-box Ttries 
ftoaim to Va far om. 



Hero the TacQuni in tbe firc-brn cnri'ilitiiit's the greater 
part of the total vacuum, buiiig 6il to 70 per cent., aod 
lea^ng anljSO to 40 per ecut. dne to tli? tubes. M. Polon- 
ceaa bu ml, bommr, favoured hia nadan with the ral^ 
tfra difflanaioiia of these engines. To eaoipan Iha hcbhbb 
of the enpDo« of whicb tbv parlk'ulars have atrtMfy han 
given, the following are thi- data concerned: — 
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Of the first and second, the tohaa af the latter reqaired 
much the emaller ptrrtiHnga tl vaanuu, aol/ two-thirda af 
that monopolixed by tha a^or. Thia ts diariy owing to Ua 
having; a much wider fliie-way of tube than the other, iciiU 
tJn frtetim^»r/a4n is muiUy tk4 unm. Heneo the advan- 
tage of the shurter and BMia mmMiow tabas of the Snake, 
whiab beoomsa atili BMinaaMpiaMma an obatrviag that it 
baa a larger gnrta^ whiafa nqoina s amallar peraantaga af 

racuum. 

' Of the second an ' t)i : ! everything is Taried in propor- 
tion, — grate, flo«- n i id frictioD-aarbaat aanaafMol^ 
tha paroiotagaa of vacuum aia tha aaaiib 

or fha fina and tUri, whiab dJKir aa aiiuit aaflwiiat 
and aecrind, tlioagh they have the same grate and the same 
floe-way in the body of th« tubea, tha amaller pereestaige of 
fwnini divMad t* tha tabaaal tha tfaH fa 4m ta Iha 
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filler flue-^vay of iU ferolea, wjd to th« •mailer frielion- 
■nr&ce, but iirliu-ijii>lly tn i!i<> foriin-r. 
Tkm» dadttction* provo tb« advuitage of klwri nd inn» 

klao til* Terjr msteritl oppMition to free eireulatton oflerr J hy 
the farulM «t th« fire-box «<ttd<; aud tlie Utlcr conclusion m 
e<)iifirmc'il liv tliQ r/xperitnents loaJD hy Mr. Uain-iSr 'tmn. on 
iiw nciataaee of (erulM. A fcrule at tlie fire-box is doubt- 
lan a miMh man fennidaU* obatrnotkn to draalatkni tbaa 
•m «f dw atn* diMMtW tlia amoke-box; as in the for- 
iMr eaM (mokt paiSM {hnm^h the ferale at a much bi»lier 

tcuipcraturf, au>j tlicrcforti aUu il a tnucli lii'.'luT jpt'orl tliaii 
in the latt«r case, hj aa much as tii« rulauie ot the gsMs is 



ApaH from tiM eoiuideiationi to b* dwivad from ike in- 
dicated Tsciiunis of boilers, it is expedient to institute some 
more general ii;'Hiiiic.'i int.. tlie circuiii-.i.iii>'<"< M/iJcli affect 
their action. Tiiu area uf hLut-orilic«, as it it uotioubtedly 
the most critical item in the oompoaition of the loconiotiTe, 
ia alM Um aoit iaporlaiil. Ib H» iiininvi^g di wuiw i i , 
tlterafen, dia Uiat-ana will fca appaalad to, tnal fast 

of thil iiinrits >if hoilrrs v;iriously [tn,i[H>rtinii'jii. 

Rdatim of tk» BUi^Antt Ur M« Pimetuimu and tm^r- 
Um^lktStllll>^lb.« question resolfM ilnlf poetically 

kta ft oooipartaoD «t dw three elemeot*. — (^rata-area, Uibe- 
■nriaee, and Kait-ann. Tt baa to do with the ffnt, aa this 

ia till- ]irliR'I(ul riit'a.Mirn of tlif rati, uf fuTiilm^lj.ii ; aiiJ with 
the second, as the pnncipad measure of tiit evaporAttug aud 
misting surface. To these we shall add the chiniDey-orea, 
m, thoi^ a very sampk alamant, it ia ft moal inHMaHtiftl 
«oa, and has perha|>a aa mneh to do with the btaat-aiaft fta 
any otlit-r >'lotiifiit. Our irnii.vTii in tn fiii l tin' f*^i-iii',»l 
did'ervnce betwutji builcr.i rtjuallv WL-ll pmpi.rti nir i, bul of 
diflerait sizes; and betni fn bu;l'T> <.'f dillVr. nt pn.p'jtrtions. 

Am to tk0 k^iimti ^ d\fftnM$ «f lise, compftriog tba 
Oiwt Bntiin, thft Snikah aad th* Enttlftiid, and Miiiiilnj 
the grate-area aa inH^, wt Imm «ba fbUmnqg ^MMlitiaa by 
the table 

Giaataritah 




n 
av 
10 



1 (21 feet) 
Itli'iiiMi 

Hero wo find that with thn ><,tnie proportions of boiler, in 
vbiaii iadead tha Ureal Britain has tha adfantaga vS ft pra- 



ptntioBilly widar flvft'inj, t ii l n i i a l y 

make no diiToreneo on the ratio of the blast-aroa to the grate- 
area. That of the Eneland is, indeed, rather wider than 
theotheni, bat tlii^ i.^i <<iitrii'if'iitly accoOBlid far feylhftiqift* 
tior arraogement of ita blaat-pipe. 

n$ hifimmiftkt ii mdir iff tlUmmf «■ tfw Naat- 
aia^ wbiah llM ilraBdy been discussed in another way, is 
wU dfvdopd fa tfaft ftUawing seriea, of which tha propor- 

iImh «dMnili* an VMy nodi the iui»— 



h. N. K. Ni,. 10 
Q.^S. W. lt.Ko.4S 
G. B. No. 102 

c.B.iio.m 
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Tha orifica in this aeriea plainly 
portiaa (« Um grate as the 
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tive value of '066 to -IS, or, in eotnmon fractions, frmn i^th 
to ^^ch of the grate. 

Um ii^tmtr tf Om UmgA tflkt tkimmg aa tha 
ana ia Ml paraptiUa ii tha anunplai haftift w. Ha 

chimney of the Great Britain is the shortest of sll, it* 
length beinjE 6 feet, or 3*33 times its diameter, vet the ori- 
(ic-f nf till* cii^riiK" IS a.1 liberal sa that of any •<{ (ho tA]un, 
similarly arranged. A greatar laagth ef chionejr thM • 
■Maa«Hf]rlird»hailMlioB aTtkaUMlto naivliUfyta 
op«'rat<> injiinonslythm athaTwiat^Mid It ean be aseful oolr 
in ^^tttiMi; np tha steam, when K haa to depend w Its 

natural draft, iin.iiJcJ by tlio litait. 

A length of four tijnca the diameter of chinaej ia 
hftMythftffirtMtlwetii aiiiiny kt H» aaflalt Mm 

of the hlaat. 

Tii infiamee of tuh^^rfaee on the blast-area ajtpesn t* 

hi' </f Iilllf ;mi>:>rt.l!i; '\ ni.iv b" mb rr. il fr'Mllthei 

following, tlie flue-areas being much the same:— 



C. B. No. 7a 
U. k S. VV. B. Orion 
12. k Q. R. Oiko 
C. K. So. 13 
C. K. So. 4i 
England 
!*phjni, 
IH). 
Do. 
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t4| ioa. oii&e. 8 ias. beiaw ei«v»l i4r 
4 iBftaiiaaalaailniihanwB) ,1, 
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III t1if>e f t.implcs we fin t a rerin!>rl;,'iV(> iyiliTcroncs t» 
propuriiuii uf tube-surface in the proporliou t>( urifice tt- 
quired, as this appvars nearly constant. In the case of tb« 
Sphyni, tha 4 inch orifice laTal with tha trown, and thoa- 
ton attnatad limiUrly to tha othata, haa tha aaaa fnOSmd 
value as tlicM-, thiMii,'li it by far the i^rcat. st !uV-^ll^ 
face. It ba-i, howc'ver, tlt# advantage of a nmrh pzi^wr 
reUtive ferule and flue-area, which we aiialt limi, .s'aiirtly.to 
ha ft oonsiderabla banafit. Tha ouifaUad orifice «f thi 
auna engine, Ath «f tha gtftlft, vlua p i iiid at ISImIw 
below the rri.nvn, prnvr-.^ iniliibitably Ikft adiaBlap if ■ 
thorough blast in the smoke-box. 

Tke infiaenee of At Jlue-ana tf tiAm mdfanim tl 
mattririi Xaks the following i 
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Comparing tha IMidiajr and ft* Hah^ tha Haha Im 

much the smaller chimney of the two, lt*4 tii!> -surrac.?. ml 
nearlv twice iha air-Bpn«e of trrate. y«-t it liaa nearJy aa .mu:i11 
an orifice^ whUt k clrailv >lue lu iiH inferior flue-.ir^a.'. 
For tha aana t«ai», tha'Pallaa, though it haa also tbs 
benefit flif ft amall dilmnay, aad Taiylimitad tuib»aBi6^ 

lias tlio same frai'tlonal orifii-o as tlic Bril)ilb-y. The eass 
of the America is apparuully contradictory, as i( has awids 
orifice; bat fbr thia it is indebted, in company uitli t!io 
firindlqr» ta ita aoaaUar ahimiMty and aaaiar aalraiuai >^ 
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in mttfu^n^ A* HiIm ud th* P«U«i to it* wider frrnle 
mHii tiib»-M«M rwpeetirrfy. RodoetwiM of tfao f(ni1»«r«ft 

ip the Briiiillcy. t ■ i' h:>If, in l!ii> Ilobc, and of tiibt>-area 
to two-thir4s, »r<>, »9 we lime amn, {ally liaUnced in Uieir 
effect on the orifice, hj • redaotiun of the eliimnej to three- 
fiftlw. Tho BMa 9t th»*m mtiiM, i and f, Iwing also 
tiirM>it(Uii, It Mlowi that a ridaetioa of tiw thtmney-arM 
ill the firiiprirtion of the iliie-arexs of (uhea U'l fcnih^a pre- 
MFvoB the bU»t-ar<Mt oout'Uut. Thnf. «hiinQev-art!a ia aa 
inSMBttal on the blast-orifiee sls tluo-area. 

Again, tho Sphj^ with tba fliuh orifico luo twice the 
ferale-area of Ko. SO, M. B. K., and aim greater tubomrea, 
atiJ M^rt'oalil V to this it lias une-tliirj more bliit-arca. 
Laatij, the Atlas, with the same feruto-area, bat anljr about 
tuo-thirda of the tnb«-are«, has only Ihrwi HhBrtlM of tlie 

* orlflne of the Sphjnz, the oriflee boing tn betli easu 18 
' inches betow the crown. This evidence harmoniiee with 

thai tif the oljsorv«ii relnlivt; va^imttis |ireviiju^<j_v discussed. 

It loajaleo Iw noted that the Japiter, on the M. S. St L. 
Bailwajf • goodi ongino of the Allaa elaae, hftviiif 116 
tabes, 2 indiM oat^e, a fenile^rea irf 1 - 42 feet, and » tobo- 
arcft of 3 fiMt> eteams a* well with a 4 inch ori6ee as t!ie 
Atlas with one nf .'^jSr inchrj, and a unifurni lliic-arca of l-.'i" 
feot. The advantage here ie in the tube-area of the Jupiter, 
whiA I* «M4ttlf «MIN tiMB tlu» of tho Adaa. and girea 

greater facility of dfiA fhaa ma tbe aboenee of ftndee in 

the latter boiler. 

Of Nil.''. U) and 7, I'. N. R.. and of the 'nrimilrv and 
r Stephenson's, each oouple having the same relative eliim- 

K. ay, fte fitmaee fa each eeoe haa oo waU aw M y gw a l e r flue- 

area, and in consequence a wider orifice. The very small 

orifice of Stephcnson'e is remarkable, and bad the eliimoey 
j; been of but lialf the area, and the blast-pi]* krpt within tlie 

c soNk^boic, it vigbt have been of double the area, and re- 

dnead to o n a tw e l lMi of tho ejHndar. 

T^f Tii^Hinft' (f thi Cap<mty of thr Smok»-Bax was een- 
^ eibl^ mauiR'?t«J m the courssf of llift experiments with the 

Sphynx. With a 4^- inch orifice, at 9 inches below tlie 
If, crown, a reduction of tho oafMcity of the smoke-box by 

Uiitng irtth brietc, mada atoain tn abundaiMa, of which Acre 
printinisly none to spare, and ths damper was closed 
J, niiova half the time. With thu urillcc aX 4^ inches, same 

t lanl, tho ongiM alMmed fully aa well as with a 4j inch 

[ oriSe*^ and fidl aba aoMko^Wt thoa, a i ia«h of diameter, 

yielding I'S inclno mtm ana, waa tlio eqaitaleat finr the 

reJucliun of the f.rnokf-bv>x. 

The suptriur etHtitnc)' of tlie sniallfir smofce-bas, nhowa 

^ that this appends^ operates in the manner of an ''air- 

vaaBal," aboorbing part of the oibaaatinig aetion of each 
dtacfaante Mm tho tabea gat tba liaiiallt of it The 
tifn's iln rii«.<dvti< are air-vessels with respect to the fire-box; 
and it ia weli ktitiwn that in short boilers, the action oi ti>e> 
blast on the fire is more impnisive than in long boilers; 

i hsnee tho advooataa of long tubeo are aaoaatonad to object 

• to ihorltdMo that ••tho Mast Is too near tho fira,* that is, 
that the ifsrquaruy of it!« acti'Jii on tbecoke is excessive and 

' injorioos, and iXiaA tike cuk<i is liable to be drag;:ed through 



) the tubes. Mr. Peacock has foand it beneficial to reduce 

< hf one-fourth the oapaoity of emoke-bex of all each enj^nes 

it aa the S|>hy ds, on hia Iha. Tha Mahahoi af thia engine 
* 



]| has about 40 enbie feet of «*pa^ above tha eyiinden; de- 
ll ducting one-feorth, we hava W ftet Ibc tha aiaat iMMniUa 

rapacitr; or, a'i a ^t'neill IHllli SMMliaailj abo«t thioa 

limes the area of grate- 

31* hffkmet of air-^xtee of j/raU upon the blast-area is 
not mry amaiUo. Wo fad it at laaat otarfidad by other 
eireanetancee; rcfnrin<7 to the last ailacthni of examples, 

the America has a halt' air-^paco than the Hcbt'. and 
only one-third more ferule-area, and while it baa also a 
slightly wider diiaoey, it has nevarthdaai awldar aiMaa, 
clearly due to its superior ftnilo4U«a. 

The influence of clinkers on the grate, whieh redaee the 
2ir-«pacc8. is cxiIibiti^d in the vacoum-linas of No. 14, from 
which it appears that 4 inches of vaeaum require 6( inches 
of blast with the dean grata, aadonly 9} ioehea with eUak- 
ers; that ia, tba tinkering so far obetructs the entrance of 
air, for it in ew as w the vaconm artificially. The difference, 
though apparently inconaiJcrablc, rotnmanded the aitriitioti 
of the eogbio-drivor, who found he had more than usual 
steaai Mowing off, with tha oleaii giala. 

n* lufluene* oftktlkm^ at «le motOA of the Ati-pam m 
well-known. It is observable on the gauge by an inerraee of 
Tanmni when thii daiiippr ii i-lns<>d. Thun, witli Na. 33, 

€. R,, at 31 milea per hour, in full gear, and at a bard 
pull, tha ordinaiy vaeasm waa T ioobea, and it waa miaad 

to 9 iuclioB by cloning the damper. It is obotrvcd that tlio 
damper is far from gradual in its action, as it affteta the 
vacuum materially only within n raiiL:>> of + or !> ini^he? of 
op«iiog; and aeeordin^ a damper to be eJteient most fit 
the aiming tighllj, wd hahapl In good ordsr.'-n matter 
very well understood by intelligent drivere. 

Tkt InJIiune* of tA* F%r»-door is abundantly manifested 
in the vacuum-lines of different boilers, in the diagram- 
plate; and in Ko. 88, (X Bk, on the oeeasion joat noted, the 
vaennra Ml Jroai TtedlndMBonopairiaglhadaor, ahewiog 
plainly that air passes thr.»u;;li tiia fire-door more easily 
than through the gmle. In the 9%m« boiler, a vaeuam of 
\\ inch fell to { inch on opening the door. The dovr is 
thus a very effieieiit damper, and as saeb it ia mueb more 
frequently used bj tha drfraia than the aakfan dampirt 
it i-< mjicker in action, wid pijually or niorp efficient. 

Of tlie E£ecU of Htmiiij tikk and He id Wind on Me 
Draft: ami of tit Form of tht Chimittif^op. — This is shown 
to astigbt degree in the vacuum -lines of tho QBesa« Q. h 
S.W.B.t tho atnwg head whid then naaMdhavfaigraiaed 
thi> ra^ruom in the aHiokf-box. It is faund that in the 
t««th ui heavy wintb, canines do not steam with the 
facility aa in calm weather, — partiealari; anah as sro. like 
the Qoeen, nnfamisbed with an aab-poa and damper. This, 
tbongh desaud mysterions by enginO'drieacs, ta rsAvnUa 

.'itnnlv to tbe Cimntcr-draft of wind externnlly acro^j the 
lower side of tho Hirti-gri^le, which as it po^^its uTLtxU %ii 
exhaustive action on the fire. Thus it is ouly the difference 
of ibe two oiluuiativo aetfawa, — that of tho wind oxteniaUj 
acrosa the bottom of Ae fire-box, and that of tha steam hi 
the chimney, that is available for tliuuLrli dnfi. It mu»l 
be added that a certain degree of aid lu \,h& ilcaft in the 
smoko-box is supplied by the draft across the chimney-top, 
but thia ia ulerior to tlte counter-draft at tho fire4MX. To 
pase tarn •anil things to great, wa ma/ leftr to oipaii- 
a 
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. mmto on tba draft of iba grMt ehimnej «f tht Edinburgh 
Gm Worlu, oiada bf Mr. Q^ugfi BodiUMi, the conanlting 
mgiiw^ of the gu-works. He (bund th«t, in c»lm wmlher, 
tbo dr»ft w.xs iiioasur.vl h\ '2]t iaches of vrater; in « ;n.ly 
wcatbcrit rm« U> Si iuehfls,aod with highwind« it amoutitfii 
to 6 or 7 incheB.* Tbe incmse here obserred is clearly 
Am to tiw ■ti n to t ing aitin of tiu mm itA at dw top 
•f t)w Mmauy, mi pro*N lh« iniliunet «f wind wlivtber 
at the ebioiney-top nr at tli«> crafo <if tfio I(p'-otnDtiv..'-lioil«r. 
It also sh<)wi luiw little U to b« fi':>r<'>l from down-cirauglita, 
4r «bstr«^t:iiii III th* Mlit of Bmok« and atoani, fru.ii the 
tItBally abrupt and a^mre tennination of til* cUmn^. In 
tlw Enj;land, the dumney-top is bevelled off behind, as 

shown ill li;;. iTii, t(i farilitato tlio i.-iriij"' 
increase Ui« draft hy t]ie actlciii of the atmo- 
iphere in the dnvtnian ol ilu' nirow, dM to ths 
■MtMB of dw lain. XhatoiMyr boMmtgiod 
la thtt, hot It li mljeet to the ol^eation that 
when tlie flii^'ine rut)H f'i>jt-]i!ati' futi'mnst, an 
iiijui'iuu« iluwu^tiraugka IS creatwi, aoU tlicre 
difficulty in keeping up the itaMni Tfco vdllillg' 
coUm with whidi Mma&j^afii tn ammeaXj 
fniilwd, ought ohniTa to bo plnaad HnM inaliM Mow the 
top, as in tlie Eii^iaijil licru ^liO'Mi, tlicujli perhaps hardly 
to picturesque iUe &a*\t collars at ijitarp's engine and 
others; for the action of a " bluff" chimncy-top is to throw 
off tb« wind, oieur the cbimnej-lop, and inenaN tbo draft, 
wUlo til* ocUar acta at a *'eat«at«r* and allowf tho 
current to skim the cliiiiiiicv. On this pround, Fairlaiit.'s 
diimney-lop, though p«ih»ps liio most *lcs;ani, ii thb most 
qnauitable, and Sinehur\ ibough tbe plaineat wl- h:i\i- swn, 
it, wo think, th* boot. Their oiTects on the draft aru 
•hown In 1^ 177 and 

17'', i:i wliloli the u]iH;in] 
iliV(;j.3Hin of tho wiml liv 

tlio bluff chimney ia shosvii 
to aid tbo draft. Thattho 
wind it thnwn aiido ia 

consistent with all ixjiori- 
ence of similar c<i£isji,~an(I, 
a> a gigantic example in 
tbo oapatienao of 



ri;, IT 




tlMwaiMia en tbo top of tbo Brltamna DnVIge has prored 

that in the B4TL.nL,'i'at L;ali's !>lriwini; at r;:,iht-jn'jli-< to tliu 
bridge, a man cuuld uiUi wcuriiy u;tLk uluug tlis t»p, ad 
thv wind falling on the 6at side of the bridge was thrown 
off above and bttow, and dtand tbe groat tabo by aevecal 
CnI. Meroaeeeaaibloevidettoemaybehadftandiii^bdiind 
llie parapi-'t of a hrMi'L- iliii ln^' ;i .-liiT ^ali-. 

Jh^MHOI mJ the i'roporttviH of tht BoiUr :.)t i; lilioit 'J 

ti4 Uart-artni to Ute area of et^imhr.—'Sht^ iin.i:'..ji« depen- 
dence of tiw blaat^aiea on tbo peopoMiaoa «f the boiler< lead 
na to inbrlliattiM Mtift of di» orilioe to tbo oylaidoMHea 
la a]to((*tbtr arbitraij. If lar^go ejUnden be looociated with 

* 'Hi- KJiiiborgh Got-work's Clumoey wu dc»iini«l Mr. Taylor, 
ri ;;iii.:. I to the gas nimpan;-. Il baa 041^ l«el u( total b<Nj{bt, 30 

ftri insi<lc disowier at the boHom> and 11 flat 4 iaebea at Hw 
top : ii n.-ofivi,'« the awoke and lapeanof W iinnHeik beaiiag iTu 

rcloria : and. It matuag <BM or Ofioatoga 01 Ibo bottom, h 

cn-ntm r-uvcrfiif etirreoio if air in ai diiwiioBe, and Hmmt^tltf iw- 
l*la(c« tbe works. 



small boilers, we must be content to liare smaU orSlsMid^ 
tively to the cylinder, and with lai;pr boHen^w* shall huv 
absolutely larger orifices, whether wo increaao tho ejtlMw 

(ir iiat ; and the question apptars to rt i' ilvf itself int» lbs 
geuural proposition, that all tiie cteam generated ia tU 
boiler, must find iU WBjtlteagh tlie blast-orifice; uddiii 
muatbeof anobasamaa will, Iqr tlw Cm* ef Ihaian^ 
stcMB. efoato tho draft retired fbr the rate of owakstiai 
necessary t'J ;;- ucntc stcaiTi .is fa-t ;ts It Hnw* off. It fttm 
through the c^ ltudera, to ho sure, auJ ts mea«ur«d iS a 
socceasiTe discharges; but this is merely incideetid, h !*■ 
gards tho boU*r» and the capaeitj of cylinder is a naltarif 
detail, whieh dooo nut materially aflbet tbe question. 
cor<li;;.-ly, thoUL'li ilitTi.Ti.'n; iIi:»in< i.T--. nf ('vliiulrr liive b«5 
adopted for tbe same boiler, it boa uvl liic same tto« 
followed tlMtdiflerent orifices were required. There airii 
tho toUo numerous illnstcationB of the iDdc)>enidiBiBrf its 
erifiee upon tbe cylinder; and it may only be muiM 
further tlia*. tlic At^.ti cn^'nn lia-l cri.'ivjallv an IH 
cylinder, wiiicliuos reduced to 16 iDcb«« diameter, aailbtt 
the alteration made M MMliUa diCmoaa «a the duSnUi 
area of UaatHniliea. 
fTMelMtas.— It a|iipeaf* Bwm all iliat hu bioi anf, ite 

in tlir pr(ipi;rti.iiia ui" 1>i.;]'M-3 ilip rlotiicnta which prseliol^t 
re^iilatii ttio area of Uatst-oriU(.>ia, are the grate-area, (1m 
flue-areas of the tiibos and the ferulea, and the seetkea] 
area of Um diiaiiejt and, in gtnanil, the wider tks ftse- 
arraa inpivfKirtMn to tbofrata, and tbeamallirtliedteif. 
witliin tho liniiis that !..»■. u cuiiip uii ler our inqulrv, ihr 
wider i» ilw FtfiMive hlui-ar«:a cuuipLUmt to tbe geDtiati«i 
of steam. 

Of tiw airopaeo of jrato, and the flae-wajni tb* Me 
area at firo-bex ranks fini in importance, the tubs ins 

next,aa>t tli'.' air -sp.icf lait. Within prac-' Kat limits, tiik»- 
surface h i>t isu luuiiiebt, uor is ferule-area at smakt-Wi, S) 
far as they are found to affe<^ tlw blaatHHaa. Tbess see- 
cluaiono bf direst nqMrioMnt, an in liMtaanj witb «i 
general idoaa on the niotioB of gaate. Tho air, on mttdt 
tho grate, is fresh from tho atmosphere niiil of th* >sroe 
temperature. Its volumo is tberoforo of tho «ioaIle>t. aii<l 
it enter* with eftse; aboTe the bors, it at once expsnib br 
contact and combustion with tbo fuel, and wUk it* veloi* 
ia thus greatly enlarged, it at tbo eano tioM meeti wilhat* 
t-iuivc Mi|ii'rrn-i-il rini.-ta;:r>' frmii thi> cofcc. The ealsiH- 
mf;ijt (if vnUuim iuiplaia a furrts^wuding mtnstM of vtl«i',' 
thrmi.-li till' fuel, and as tbe resistance to the motion of 



gm* along frietioa<«ar<iaeoa b aa tiieai|Bara of tlie weotT, 
it if altogetber proboble, apart front th* aeldinee of dia^ 

I'Xpi.-ri'.'M r, lliat tli<; ^.-rt altT p.-irt nf tlio ::rato or fire-tiexl^ 
s.bUucu takes jjlacu aitivi; liit bars, aaJ la luaiiily ind'p** 
dent of their number and thickness. The atutosphere <i 
tbe lire-boK, on ila dejMKtnio threagli tiw femlM. w"' 
with It at laaat tw»-thirda of tho bort of eonbaatloa, «>■ 
on the rudest i stiinrilv, ami iii^ vnluni'' [iiu_it In- M-rersl tiw* 
as great as that. u( tii« air which p&«»t« iluuu^h tlie 
Taking it at only 4 timso, then it niu^t pass throegh 
fcrulv^ had tbejT otnai an ana equal to the auMfoos, » * 
times the speod; bat the f*ralo4iaa w fmn jdtoftbrf 

the air-spapf, tatc a nu'an of 1th; tlii'li, 3-< the Speed W* 

be iiicrtuued as tlio due-area is reduced, the gaesi flf 'k* 
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fim4MS mwt man 4 times 4^ mr 16 tioiM m fait throngh 
tlM ftnilet as thmn;;h the grata. Thia abnidaatly •xplaitu 

the vcrv iiiarktd influence of the Jcrnlp-ari-a on the faoilitv 
of the draft. Ae the unoke jmums along liia tuboii, it eooU 
to • tampenture of 800* to fiOO* or tbereaboato, and ooo- 
tiMti, and tlian£m p a a a i e with a conatantljr ladoMd «p«ed 
fOl it ifl dtaeiuurged iato the anok»-bax; and the Terr infe- 
rior vr'iijoity of ii* exit there freely cxi'Iuius the inferior 
value of the absence of soioke-box ferulea in relieTing the 
dxaft. Th» Tiftaa of liberal flae-way ia hMfifliaalila to ttie 
«UwM!]r, aatliAaiBoke is hnt forced as well as 4n$mi; and 
wbaraas all tka other air-paua^^es may with advantage be 
made of easy teotioii, tlic cliinin('y-are:» must, fully to do- 
vel»{w tba exbausiiii^ action of the hlaat, be apeeially reduced 
toaanntlt frMUanoftlwflaSHPOMii. 

Theae conclusions weaken the force of the ordinary objoc- 
tion to long tubes, that tlieir li^reat friction-iDrface ia the 
caose of the amall blast-oritii.t* vMth which hn^ builcrs l-^\ u 
btsoworkod. It is nther the reetrieted grate-area and flue- 
mjii, ahm tba mm taili»«ufiust far it hia to ln|i(MDed, 

tinfortunatC'ly, that where lor.;,' tutcs were aJofif-ivI, flip fire- 
box was ovccLuug, lur ihu uke uf uotiiiliiilg the wljvul-ba^ov 
and the conditions of stability demaildsil tbs snialleft pos- 
sible badt-wsjgbt, and therafort tiio oiiiimQm am of grate. 

The qnas^ of the dsaitaUo pfoportioM of (wilon has 
bfpn ruthrr i_-ortijilicatvJ hy varlfly uf clM-uirijl.iiifM, — of 
ihu form of tho chimiiuy-eutraucc, tUo furni aiid levtil cif the. I 
blast-oHGce, and to forth. But, in similar cir :uiti<'tauoea, 
lbs widsat orifiea io relation to tlio gntsi, liaa beeo obtained j 
with tho Bsmmat ddnuy on mofd^-^hat of No, 10, 
L. N. !> ., of which the area is a little Iri.^tliaM one-fifteenth of 
tile grate-arva. There is probably no liuiii to the advantage 
of width of flue-area; it has at least betn found of sensible 
beoefit IB oiling liio Uiai^^riiios^ up to the widest observed 
limita. The bvd of tho hbnt^rifioa, in conjunction with 
a puitahio itiAtneterof diimney, are together more influential 
thaa any other single cireacnstasoo io easing the orifice, and ! 
fort unatelj IliiiiaM jut tho BMt acMmmodai iiig elemen ts ; I 
for iriiatonr fnguHuM anj hi iniiiiid upon the boiler , 
in sonpliuieo with coriain conditfona of itability, weight, 
or arrangcnicnt, there laii ho nothiri:; to interfere with the 
adoption of the most efficient chimney and bhut-pip«. To 
flllitinto what can be effected in this way, the Spbynx fur- 
siiiliM « good iOflitntioa in point: mth n tubo-ann of -88, 
ft fand»«na of *S0, and » diimney-«i«* of the orifice 

at the most i fni'li-iil lt!Vi_-l, U of thu ^tjIi-. "WiTL- the 

cliiiiuiey of this engine rednre.) to the nio»t efficient propor- 
tion, or KNM, ilmoit one half iln* actual area, the orifice, 
jndl^ng hf tmiqgfim cases already noted, might be further 
Milarged to of the grate. A^^in, tho Hebe, with an 
oiiliiiary tiil>L'-arra. and the sniallert of ferule-areas, '09, or 
i'tIIi of tlw grate, aud a chimney of *07fi, lias an orifice of 
r i^d ; were the orifito to Im nfldwtfylMNnd, it ought to 
h« capable of solugemsot to as great an extent as that of the 
Sphynx, or neatly one-hslf wider, making an orifice of -yVth 

of the L;ratc-, and a roiluctiun of thy chinitiey would widen the 
orifice to Bt least vVlh. As these boilers ore of extreme 
pro|>ortion9, rivalling even the edefamlld "IwgMlir,** in 
length of tube and limited ferule-area, we feel justified 
in omeladii^ (hat oven with the most anfavonrable propor- 1 



tioaof boOarof llnmitvwioaidimeBaiou, tho blast-area 
need noTor bo lanthan i^rth of the arat of the i;rate; and 

; in h/iilerd of ordinary ferulc-area-s Cfjual to -i'O, or rth 
of the gtate, the orifice may be as wide as «Vth of the grate. 
These are conclusions of some importaBM^ te thij put an 
end to tboio loose spscnlations on the conmniption of ttnai- 
power in back pressure to provide the fiMWWuy fono of 
blast for long-tul>e boilers, in wbicli even men of experience 
have indulged; as it plainly appears that injohonaiy aanll 
nrifintw iri in almnif snrj mno. diitipiiiMitoiBMl wringii 
ment of Binok»>box details. In discussing the subject of hack 
pressure, it was found that, in well arranged and well pro- 
portioned eyliiiders, like thosfl of the Great Britain, with a 
blast-orifiee ^^th of the area of cyliudsr, (ho liMk pfMuro 
of exliaost was prasttoaUy aothisg. Tbo qMotioa thna le- 
Bolvcs itself into the practicability of using a blast-area not 
less than j-^th of the cylinder, for one great object of an 
easy holler .aid a wids blast-pips is to secure a practically 
perfect exhaust. Ibio qoeitioa proporly faobwgi to uothtr 
chi^itar, in vhnh tho rdatin p w por tl oni of (ho Mkt md 
the cncrinp are to he- dUcamed. ^leantimf', if wc- t.aVce even the 
ttigiilu Nu. SO. M. it. K,, tho gnilo of which ia L-uufe;>4udly 
too small, or er.r,ver.-ply the cylinder is too large, being 
of tho grate, the orifies^ which ma at tlio time of obiorak 
tion, f^th of the eyliiidtr, nwy bo onhrged to *^«ri^lh. 
Till'! ease, we iLiu£l coufeis, ia hovuiiJ our remedy, on ao- 
I count af lite exiraotely smalt feruliT-area at iha fire-box in 
conjunction with the liuiitld gnte; and it most be noted 
j thatliwtnbooof thiicngiiMnmndiuNdiigmlt tolf inoh 
outside £iiiiitoria tiw ffre^MS tohe^plitab 11^ hoiraver, w» 
take the Sjihynx", with a mors liberal flun, aiul of whicll 
tlie cylinder i.i lOi of t)ic grate, much abuvts tlis average 
practice, the orilica may b« widened to A or iTth of 
the qrlinder, which would bo piaetifliUj perfect. With 
No. in, 0. Bit having an ottfioa at pmsuit equal to -^%th 
of the cylinder, a reduction of chiinuey and a re-adjiuiiiient 
j of the blast-pipe, would peruiit af iui iuifice VI' or ilu uf ihe 
I cylinder. AVilh No, 1, C. R., the orifice, now ^J^, might 
' l>e or rri^^ of cylinder; and with tbe€hmtBrit^ 
the orifice might be H or j^tli, though fortihb thsr* would 

ntit ha auv ije':e«sity . 

In short, though it would hn prdiiioture iu tliis place to 
consider the fitting proportions of eylinder and boUir onn« 
jointly, it nuqr anfelj be oandndad (hat, in nil oastoi tMtt 
with tho moat oantmaled flue-wsya. the blMtM>rifiM nay, 
by a proper .adjii!itment of chimney aud blast-pipe, he inadn 
wido till ough, to permit of m praetioally perfect exhaust, 
where there is a properly pnlaolad cylindiirf pi«p«r]{y pn* 
portiomd to the boiloK. 

BiearnvtA-noN.— 1. In dw nne boiler, the vaennm hi 
the smoke- box varies direetlv with the blast-pressure. For 
diflfetvu I boilers, iLevAcuutudueto agivenblast-presaiirevarieB 
considerably, but as a general result, the vacauin IB inihlief 
water ia abotitaquiltotho Uaat-preisuro in inches of merenrr. 

2. The relation of the vacnam to the blast is not materially 
affected by the [vHnl at which the steam is cut oil'. 

3. The blast retains its property of exbaaatiou within ail 
observed limits of speed Mid Nenin ptiMHiiL witih that e*M 
at the highMt apoidi^ th« VMnnm lilM ilMdilj vith tlie 

I blast. 
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4. TIm ffidiuuiUng powtr of tlw blatt, or ill dIaiMiiq' in 
•Mttliif mdittft, is Uipely dapMteit m iIm fam md da* 

of the chimney, aud the form of tho blut-[iip<' ; and th»t i* 
rtekonod to b« Ut« most effioimt cfaimney wblcli admits of 
tbe widsst blast-ori8e«. 

i. For ft gmm biribrt tbsrs it bM tot 4iMutar of ehim. 
Bey of gr«atMl aliMnf . Far gmtararhn diHB«ter>, tbe 
ori(ii"e rnuot ho redoeed 

6. lite txist form of blast-pipei is tint wliich pr«ij«<t8 tho j 
■iMUn straight n|> the ehimney. Tbe orifiro mast alio b« truly | 
•NMOilda wiih (kit flhnuMjr, and il afaould ba btvellsd ap ; 
«a tlw adg* on «ka «ltlid«k Tha tedjr «f ika Uast-pipe 
should b« Tsry wida, md ahaold ba gatlMnd Ib dM; at 
tbe Doale. 

7t Tbe smoke must have fr«« aeeeu to the ehimney, 
aifbar by wideniqg ika eUiaoea, with a bell-form base, and 
•atting oat tbo otowb of diaaBobo^x; or, what is as good, 

liv keejiltit; down llie blnst-orifloe to ft luvi-l IrIow the croWB 
of the smokc-box, equal to tbe diameter of the chimney or 
tbanbyt tad givio;; the chimney a square entrance; or 
bj a combination of both expedients. In short, (bo blast 
should be projected Mros^ the smoke, and not above it. | 
TluiH a strai;,'lit, vprtical hlaft-pipe is to bo prcferreJ to tlio 
doable, bridge-pipe in common use, both on account of the . 
anpeaior dis^taige ef tbe steam, and becaaaa H dbida nneh | 
Im obatraetioa to tbe pamigo of smoko. 

8. Of the relative vacuums in the smoke-box and tbe 1lr*> ' 
tlic latter varies from ouc-tiiinl tn al«ivr oiic liali' of tlio 

formeri in other words, the resistanco of the grate and the i 
fad to (ha pamgo of air and nioko, varieo from one-half | 
to son than equal tbe resistance offered by ths tubes. In 
tbe boilers having the wideot flue-way tbroogh tbo taboo and i 
i\if ffnile^ tha mloHmoo ii tba tabat ia jMNportioDaUy the 
lowest. 1 

9. Tbo qaoallan tt tta faltnial pcopoftioM of boilon, [ 
without reference to the demands of tboojUadm, resolves 
itsel f practinaJly into a comparison of grato-area, tnbe-surface, i 

and blist-uixl, 

10. With tbo aano pni|iortions of boiler, the actual di> 
moMlona, vitUn tba vidoat obierfcd Ibnita, maka aa diC- 

(eri'Tu'D on the ratio of the btastrsrea to the grate-aica. I( 
UIows tbat (lii^ »ti»Uwiit of locorootivea may be as fiivotir- 
ahly ]<rop<>rti(med as the largest. ' 

11. TbooUtDsaiawbidingabtotboanftof Uast^ifieo, 
ara lbogiala4waa, tiw4«a«NaB of thatvbiaaBd tba Aralia, 
the aectlonal sn-a of the chiniticr, and the capacity of the 
siiiuLe-box. Tlie larger Uio grate-area, the wider tbe flae- 
areas, the smaller tbr chimney, and the less tlic mpaeity of 
(bo affloko-box, witbiu ofaaarrod limiltt tbo wider alao oi^ i 
be tbo blast-area. 

12. Till- pratf-arca hem^ s'luinc*! M a Standard for eom- 
l^risou, lUe elEininls of boilor proper, which aflect the 
blast-area, are, in order of imprtnace, as follow: — 1st, The 
(erule-areaat fiia-box; Sd, tbe tabo^mt M, tbo airopaco 
of grate; 4tb, thoftnla^iMalaMlga^aKt Sth.thatab*' 
nurface. The influeneo of llw IftM Vm, wUkin fiftotiaal 
limits, is very slight. 

11. Of (ba appeadagoa lo (ba boiler. — tbo smoke-box and 
lh« oMi my ^— 4ho bOtar baa aa macb ar nom iaflaeiMa «• 
ihaiMaf UMt-ariCeabthaaiflqrtitltariiqslatinaaMtaiMa. ' 



For, U ma fbond (bat • fnjmikaMy amallar cbiia^ 
opwatad aa idlfliontty for aaifaif tbo orifioa, aa a onlhr 

ferule-area iliJ in n.irrnvrin<; it. 

14. The area of tbe etuuUest eb»0rve<i cbimner is ahm 
one-fifteenth of the grate-area; and thia proportional am 
yields a widar orifloi^ aadar tha aana ainmnistanees, tliai 
any greator eUaniay^ttaft. Tha tatio ef cnt-JS/uata n 
therefore the best, so far as observation leada ue. A l'ii.-t<i 
of chimney ol about four times tbe diamotor io probafaty ;h> 
greatest Uaglk Buioiigy fiw davsbpfaif the boot aetiaaef 
the blast. 

15. The capacity of tbo oiiioko4«>Kaho*lllMta tbe aitiea 

of till' bla.«t. TliP most suitable capacity has liocii fouijJ to 1* 
thr«e uutm, ill cubic measnre, the area of grate in «jia» 
measure; or three enbic ImI par taoX of grate. 

le. In boUMiafflcdniBi7pnvartM«b of whiohtbt Ms- 
area at tr^boK lattBO>flWk of tbo g r at o a r aa, or (benahsiUi 

and tlip tubivare.i about one-fonrib, tlio orific« may, frr 
the best adjnstmcntof thesn(oke-box,btast-pipe, aad ebias 
Boy, ba tnada aa wida aa mmt U^ i itU «f the grate.ani. 
And in oven tbo moat anbrnnblj propactkaod kdfai^ 
where tho fsralowft may not ba abwva ana^anlh d lb 
gmt s tha oriiM may ba aa vida aa waanimiiW «f tt» 
grate. 

1 7. Tho amount of Mast ai w ViSng rcgulatad msiol^r. >f 
not entirely, by the boiler, it iopneticany indapandlBtofltt 

dimentions of the cylinder. 

IS. Aiiv.iiita^e beiiiL' tak- ii of tbp linonn mean* ff f''r- 
f««ttog tbe action of tbs blast, the orifice may in tii cum 
be made wide seet^b to poraiit of a ptaodaaHy perfect a- 
hanst, when the cylinder is proportioned to tho boiler. Aai, 
even with extravagantly large cylinders, all the usefal snt 
iif oritifvr may be obtained, except in boilem baviiii: mj 
small tsrole-areaa, oa«4entb of (ho grata or thereby. 

19. It follosni, goootally, tbat, aa tba aiilaa di^adii* 
directly Mt tliu ;;rat*' auti tlip tiilKi!", iIri tiisotilial adraollfM 
of a laii;ts grate aud a>i(iJe tubo-arca, tousisls mainly in da 
Ctcilitiea they afford for supplying a sufficiency of itMis, 
with aa oaaj Uast, • liboial orifico^ btavj bwds^ aad kigit 
valoaite. 



CHAVTB& IT. 

Or m Sauzm oviasTievni » m Swax^nw 
Bm at BtaMKAmnt. 

As tbe vamram in the smeko-tMX measmras tho ankahiis' 

pressure of tin- atniD-pben'. ur that ill virtue of wliiA •> 
forces its way througit tbe prate and ibo tubes, » <^r'** 
relation subsists between xSan uiib;ilaiir«<i prt^isure imi 
quantity of air wfaiob oo oiroabtoa throi^ tbo boiler i* « 
given tiflio. To moatars tbWfbreo with oempMs tmn^ 

the oppii end of the vai--uuin-;;auL't' should Iw iu itiuimu'"*' 
tiou with tho atmosphere of the ash-pau; a< tii« ^t^^**'* 
in the ash-pan is no doubt, at high speeds, greater ibss tits' 
of tho oxtemal air, whan tho pan is directly opia t**^ 
eurrmt duo to the speed of tha engine; and, on tbsetk* 

hand, il is less, wlitu ibc di>or i.^ nearly or er.tin'Iy '■I''**'- 

Ibo variaido elomeat thus introduced va»j aeosibly^^ 
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box. Tb« indieations «U1, bswever, be •ufficimtl^ decideJ 
t» yield an approximation to the law in qneetion. 

— Tht qoutity of lir whidi ftmm flmagh tlw gnto in % 

gireu time is & direct mvovuru uf tlip riktc of <!oiii1>a9tion, 
■Homing, aa we lua^-, that the air ia ctjaallv ^vell bamed, 
wlwther it ia foroed by a atrong draft through a tm^l grate 
MidAdMpMof eoln^orbjitiiwkdmft tbn«tgh«kiit 
grat* and s this M. Vlw nta «f «i»burtiga, alaob fak 
within wide limita, nearly a direct measare of the rate of 
•rapontion. Therefore, alao, the Telocity or the rate at wbieh 
the air p«s««a through the grate measures approximately the 
nta of mfontiiiB. Kow, (b« veioaity of m aiaatie flnid 
I* M 4iM •qau« taut «f tlia iaipaUngpHnm^ Mdthe pre*- 
sore ia, in the present c»?e, lueaiand by tli'> vacuum; con- 
•eqaenlly, tbe veioeity of the air tbroogh the grate, or 
finally, the nla «r •f^mtmi, ii IS tht aqMH net of tha 



I (hii ooadttlea hwwld MbwIlMttopnoara twioo 

the rate of eraporation, wp shonM require not iiu^rclv twtci-, 
bat at leaat four UmtsM tbe vacuum iu ibu smuki.'-bux ; pro- 
liably more, as there is likely to be a greater leakage of air 
thnHigk Uw gnio u liigbar Mtto of ofaponlnu, vui » 
Jiighor tonpmtan and Imo of hoot ia iho anoka'W. To 
▼erify this dcctrine, wc mar Mmpate the results from tliu 
same boiler uiider tlm same €ir«umstaneM, as U> Uvplh ui 
coke over the grate, ke^ with diSerrnt loads and speeds, and 
tbMMfaco difiemt ntM of evafontion. No. 14, 0. IL, for 
Mmplo^ imiqg katwan Ohmov and flfotood^ ovapo- 
ntod tlw MIowiiif )iiHttItiw«f «M«rdmiasthiw4ilh^ 
tripa:— 

(I.) Iftth April, ISSa Good* tr»in. Cm n. tn (V^v;. 1 27 onbio feet, 
n.t 17th do. do. Ureeu. (o (iin*. 03 do. 

(a.) Ittth do. Peis. tnuD, Glos. to Greco. 63 do. 

TIm total tiaoof aoeb trip, and the timoo dsriag wfaiob 
llwitoamiraiOB. ottfaoUaot waooB Um firo, mn noted; 

tbe Tacuiim in the siiioli«-1>i x was also iiutcJ at intervals of 
one minute, and oocaaiuualiy at siiorter intervals. Tito 
following an tbe total tiaies for eaeh trip, and the aana 
aefaratsly of the tiniea tho at«am «aa «« and off:— 



t 



Se min. 
40 ,. 



34 mm. 



DO min. 



(I.) 

SI 

Far oaeb of tbeaa tripe, tbe eaeotattfe tcImi of tin 
IMvan, aad the intervals during which the steam was abut 
tM, an ahown graphically in the upper right liaad fii^ares, 
diagram-plate V., in each of which t!ie ha-ie-lme repn^^ents 
tbe time of the trip, divided into miauteo by vartical lines, set 
off from left to right, as mailwL PmsIM «« the WUtto,* 
Bamber of lines aro drawn {rom tho diviaioiis of the vertical 
eeale, representing sueeesdvo half-indMS of va^anm. From 
the point of tinm in tlin haso-litie al whicli eacli olwer ration 
was made, a vertical height is set off, and defined by a star, 
equal, by tbe voHioal eaalo, to the vaewun ia tailMai aad 
thiangb tho ancoiHifO avtaa of stars so found, curve lines 
are tnwed, and turn eoattnoeae vacuum-lines. During tbe 
intervals of rest, at tlio «latioris, as tho liro was in a lively 
•oudition, an allowance of i inch of vaeuttm is made, aa 
ahowa in the diagrams, asd tUa ia indiid a i 
aaoi^ McenUof to tho gaifi^ U ia 



ni4«<i in tiie fuUowing atiU«nient of the oiean vacuurus for 
every minute, observed during tho first trip im tbe ISth 
Af ril. Ia this table, No. 7J, tbo internila dnnqg whioh 
Ilie atsam wia «b and off, ai« tabalatod, and Hm Taeanaia 
(2d column), taken firom the diagram for the first trip, are 
expressed in eighths of an inch, to avoid fractions. The 
3d colnmn eontains tbe square roota of the numerical values 
ofthavaouunat and «gioeaU|y to oar piooiaMd law that the 
ntaof ovipontion ia aa tiw aqaare not of the vaaann, tho 
contents of tho 3d column should express tho (■umparatire 
effideoey for evaporation of the vaennros namtwi in the 
2d column. The total mean of those roots is 5*55, and thia 
is (ho oqaare not of 91 eighth^ or H iachso, wbieh ie the 



e«raponti"J the ^iiio quantity of water in 66 ulnales. 

TABIE, Mo. LXHI-or OBSBRVBD VAOOOMB IN Ho. 14, C. It, 
DUUNO OKK TKIP. IMiAS0IS.UHl 
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Tha oboevead vaeaama far Uw taa lawaining trips beiug 
tabnlated in tb« eamo way, wo Had tu tbe Sd trip, the mean 

square n>ot,4"77. which is the rout of 23 ei;^htlis,cir inclit-t 
of vacuum; and fur tii« 3d trip, the ineiui root, 3, for 
9 eighths, or 1 1 inch of vacuum. The results for the tfaia* 
trips ataad aa ia tho followiqg table, fint lifo oolaaaa. 

The laat thrso oelonBe coatata tho aotaal aad estimated 
evaporations per hour, from which it appears that t1ii> eva- 
poration estimated by tbe mean sqaare root of the observed 
vacuums, and takbg the lowest, Mo, t, aa tho datma, < 
aideraUj atcooda the aelaal parfMMaoo^-<-fegr tl par i 
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TABLK. No. LXXn.-TO BUOW BEIATION OP EVAPORAT10X TO THB 
VACUUM IN TIIK SMOkK-BOX. IN Nn. U, C. R. 
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in the 2d trip, .niil riliout IG t>..T rent, in Urn Ift. The 
ioforanw U thAt liie tirapor^Uug e&cieucy ui tUu vaeuam 
4am iHt Tuy cren ao rapidly as the aqoare root of the 
tnimutii— that h, fcr «umpl^ ti> obtaiii iwiaa tha nte of 
tnpontioD, we molt bsfWMBMlhiiifriwr* than fbarttmat 

tlic vacuum. This i» » reinarljaMf- o lu-I .i.-.i it 

clenches the arj^umcut with which »ci out, tli^t tliough 
tlie iafln of air may aod ought to be as the Bijuare root of 
tlM vaiiiuiiD, lh» lata of avapontkm maj not bo even lo 
npid, oirinf to leakage ofalt and to baa of haat. 

Another example in point may be obtained from the 
Working of two goods cugineA, C. B. Noe. 121 and io 
making the aacent of tho Deattock Incline, 10 milea lon^. 
The boilera aie of tho aauo dimeuiau. Vo. 124, with i(e 
wMa diimny, aaotoM widi dUBeatiy, in eoo hoar, with « 

low vacuum, which d •! n t r;ic.i'.ly vai v, averaLrlni: 2 7 
laches. No. 125, ran at double ilie •fx.-vii, sn.'i >Mtli .-tn 
aTerage vacuum of 5-4 inches, or double the tthi r. The 
cngiooa is poribnaing the aaenit, ovafwcatod ISA and 31-5 
foot of water, in one hear and half aa hear w a p n ti Triy, tho 
evajK r.iti ii n [Hir hour wore, then, 125 and 163 feet, witL 2 7 
auu ^ 4 inches of vacuum. The square roots of the vacuums 
are l'G4 and or aj I to i-i; and estimating the vvik- 
poiation in thia ratiot we oboald have m x ^ns ket 
per hovr for No. 125, whidli ia IS feet per hoar, or 7'4t per 

eciit. mnro than adinilly iva|icnil.'il. It fo'l'jws, as in 
the case of No. 1 i, ih^i iu the sanie ciacs of boiler, the eva- 
poration is not as the square nat af tha waia^ hoi pn»- 
cooda in a sencibly lesa ntiow 

JUSrtioa of Emporalnn to tlo Fiiu aa w , <a Mfar* of dif- 
ferent proportiviif. Tlii-i r<Intian is tlivi'juiiy ifTicloJ bt 
the proportions of tlio bti!' r>. .i'- we liave found how very 
various the vacoam may b in <liirer«nt hailaia doing the 
mmo woric It ia n qiuotiou of aaoBo impottmoe, as the 
gnatar wear of the toheo near the fire-box io dne mostly to 
the attacks of eni;i!l .nl.' canir d witii tliv ilruft; and there- 
fore, the milder llia liiift llio It-as is the iJaiua^;u M done. 

With ordinary paeaenger-trains, the usual vacuums in the 
eoginoo named in the foUowiag tablo, are olated in ooniteo- 
tion with tho noan ompentioBo per miloi. In onponting 
the same water, tlie Hebe uses three time* the vaniuni 
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) of dm Orient and the PaOMttioa the knot vaoDUHofaR, 

j for the greatest rate of t v.i[K,ratiMn. Tlic Pnako has the 
highest vaenumi this a due p»i'iially t« tlio unusually hijb 
nu of spoadt wUli express trains. 

It ia onaooiiaifj to foUov out tba diicawifln of wa. 
tMMHoif thk eiaaa. lnextnBwcaBi«,{tialEB«wa,tfnln 
Itn.-lii-:' ■if v.injum have been found ni'ivss.-iry to w irk 
boilers. Ai intense currents must accomjiijiy biidi Jujja 
< vftcuuniB, it is plainly worth while, if nnt Uit the takt o( 
i inflarii^aiiMO0xbaaat.«tl«aat Ctrtboaake «f iaiU4B&, 
I tooaaaantthaprapoitknoofboikn, ontriatoQtlywithedHr 
' circumstances. 

! RECATiTriATloii. — 1. The ritU> uf evaporation iiiihea«at 
boiler or class of boilers, varies nearlj «Mh the square mi 

I of tho tneonm ia the lanoke-bozj-Hn eay ntaHy, « it 

I Tarioo in a ooanMy too* tatift than Ala, yielding 00 niA 
aii fro[n 7 tu '21 per In evapoiaiiaB tkaa iadaololhi 

, square root ot the vacuum. 

S. Tho doAeienoy here noted is caused by the paangt of 
a gnatar pmpaitioa of frc« air through tho gial^ aaist 
gfoater TacnonH, bat mostly by the greater loao of hMt ■ 
the e?<'apn offnioti; :;t a lii;;lii r trin[MT.iltiri'. 

9. Iu liuikTB ill ^Euail »r unlavuuruUu prupottioni, 
greater vacuums are requirvii f->r given ratea of evapoioila, 
than in aaaior boikia. A» • miU dnft io ooaiuifi t« 
eMMoagr lad danfeUily, Witt* dioald ha of IM d«^ 



tSHAFTfil T, 
I Ortnuia orWam Ana Anax Bi IkiKaia unClK- 

j Primino Li the issue of water from the boiler, in midliu- 
cal combination with (he steam which paMes over to tk 
cj'liuders, either as mere spray or water-drops, or in s moit 
finely divided state, auqMmdad in the sleain like dotris ia 
the atuMophotoi. Of thMa«i,tlM fiiat t* bvt aa t^giHinnA 
form of the aoeoad, and their ofieet is the same,— tb lb' 

j straetion of liquid water (ram the boiler, in a passive ilila 
inelastic, and therefore doing no useful work on the piitoo: 
thus paauve, the water beoomeo a drag on the at«ao>, ia iW 
pi ia iy a, aad while it wodt in th« ityltndor, w «t haio bal 
abundant evidence to ebow. 

The condensation of oteam tn the cylinder lo of liil 
^'ri Lilcr moment, for, besides ojm rat in,- like primiflg « » 
drag on the stoem, it createo a much greater lose ot btst. 
as the oonMitHat heat of attam, hM Ijr aaadaMtin 1* 
four to five times that of water of the same tenpentnie. 

Moi$ of Experimfttt. — To find the amount of primntew^ 
p'lM Joi^^atioii, tho writir. in his experimeti'.i on tin- lubjeft. 
obtained indicator-diagrams from one of the rylioden of tli' 
cagino ooder experimont, at ngnlar intervala genertlly ^ 
oaa mile on the trip. The nnmber of the notch under which 
the «alv»-^ear was placed was noted, and thus tlie sappr«>- 
sion and other |Miinis ri> .locurately known for each dis- 
gram, having been previously found for every noteh br 
slow diagrams. Tho voiumo of steam adaiMid to the 
agrliadar for oaehatiolkawaadodaaed lkwidMAignai%«>' 



Digitized by Goog 



e 



PHYSIOLOGY OF LOCOMOTIVES. 



143 



til* tfuHiUat tolnnw of wiMr taanmei u stem vis in- 
hmi fiwB t1i« pnMoiv *% the point of suppression in the 

maiiiipr alr-jaJy aliown nt p;ii;c 79. Fnjiil tlio avi-m2;ea of 
the obeervatioDS so made, aii estimate farm&d of the 
^aantitj of watar wntBined as steam, on the trip. 

Tiie total conatiinpUm cC inter daring the (fip^ ma 
found by ganging the tta^wtl tlit tx^Dning mi md of 
till* trip, ami alsn at interinftiiate 5tat:ons wliera it was re- 
filled. The diSisrences of level to obtained, ntttltiplied into ; 
th* hniaoiitel an» of tbe teak, yielded the Tolume of water j 
sritM aw w ft om the trader into the boiler. The water4ereU 
m tlie boilers were aleo noted at the begins inj; and end of 
tho trip, aiiJ tlio voluiii'.' duo to tlii> <iitT';Tt'DCi.' nf these 
levels, was added to that withdrawn from the tender, when 
tk* iml hnl lowar t]iaa tho fint, aad aabtfaetod frtua 
li^glnr. Hw nralt oo SnaA ww teken aa the aettud oon- 
tumpllon of mtor /r«m 11* Mbr. When the lovola wan 
Tiipa.''iir(><l w'hilo standing on inclines, proper aUoWHIMIMtl 
made for the deviatiooa of lorti ao eaawd. 

Tfco toBfai^i* of tbe mur In tendar «aa abo tn 
general observed. The relative volame of steam is referred 
to water at 62°; bat even though the mean temperature in 
the tender were 100*, which it rar* ly r^^a d.vs in long jonr- 
neja, the expantioa of watar for 100° woald not exoesd i 
k par canLof tlw valnma aifiST, and nobaTomt, in geoonl, 
made any allo'ii'an-p fnr so small a devinticin. 

Cautet of I'rimiii^. — Priming is causisJ g«ii*ially hy 
impurities in the water evaporated, and by deficiency or im- 
jiroper amugaiiMnt of ataam-room in the faoilara. The { 
deoign of the keonMrtiva-ballar, fonoad to ovafiorato the f 
greatest qua:i'.ilycif hm'.ct in agiven timo withlii tin- .smarcst 
practicable space, is ralker unfavourable to oSciciit tvapu- 
ration. Tho steam, emerging in namerous streams from a 
fflaltHode of tbick-aat tnbaa and inm tho liaited water- 
apaaaa rannd tho tra^lHHC, lift* tho water at tho aor&ee, and 
throws it aliuut fpray, wliii-h ia t!ip liTnited space as- i 
signed to tbo steam, is souietimes carri« I w.ih the current | 
tamids tho orifiM of the steoak^|ak macli of it paraes 
over aa jmaSag, With ateaBHoam ao limited at ordinaij 
ivatar-levela, tha oflfaot of a riae of leni, or aa owfoll hollar, 
is grt-aily to I;',<T"a-sij ilin prlinin.-, liy reducing the steam- 
room, or the available space fur st;pu:ating the at«aia and 

With vary limitsd 8(eain-ni«m,thopwition of the entrance 
totlio atMm-pipe aeniblT albete tiio amoont of priming, 

for towani-s thiji point all ttio tliat is Lji utratcJ over 

the whole k'ugik of cku Ix/iler must Cod iu way. Inde- 
{lendeiitly of partial caoses, there is a general rise of level 
dae to obidlitioii whan the boiler ia at work; ior tho atiam 
whtdi liaea fivm and ia tnhtad with It, of eoorae ewalla the 
volume ^vlilcli it ocL'upi'-'.< in a sl;iti' <>f rest. '\VIk>ii lin- 
entrance ia placed in a dgii-.e over tiie iiri^box, tliero is tlie j 
greateet liability to prime, for not only is the ebullition at 
thia plaea tho awat viotant and aonontnted, but the ateani 
fiMn the tabaa flown towaida the aame loeality, and drivea 
the loMw iiiipnrities of the boilir ii;to tiio w.itt r spaces roond 
the tire-box. It is known, too, that in boilers, the water 
In the neighbourhood of the steam -orifice ia raised above the 
gnaial beat, whioh farther inereasea the Uabilitj te prime; 
■idtfaa fidao laral fhna anhitMaed while the ataam ia flow* 



iB|g oi^ ia prajndieial to tho aa£i^ of tho boiler, baeanaa it 
aaddodly Mb to the level of aolid* water when the regu- 
lator ia shot and tin?' cvap<vratinn <:li(ii-i\i^J, and may lay bare 
the crown of the lire-bux. The extra depth of waterso cau:»ed, 
and indicated in the glass gauge, is known to enginemen aa 
"Inla^-water," and it varies from {[ inoh to 4 and d nahai^ 
aa Buaanred liy tlio glass gaoge, at thefli*-box, aeeoidlai; to 
the design of the boiler. In tlie smaller boili^rs (jfiorimr <lavi>, 
with the steam-dome placed over th« tire-box, tlio false-water 
amounted usually to 5 and 6 inches in the glast, ipartfalt- 
hry ia Boiy^a older angiaaa, whiah not only have the stMoi- 
dome placed over the flra^os; bnt alio have the available 
steam-Moiii rpdticr-d t>y the spherical form of thn outer shell. 
These cnginee were, in eonsequenee, ticklish to feed, as the 
variation of tbo water-level was confined to earjr narnar 
limita, with the risk of an overfull boiler, excessive primin;, 
and a break-down, on the one hand; or a low water-level, 
a hare crowti. ftl'.J a Imriit (ire-box o:i the other. 

When the dome is placed on tite body of the better, at 
tho mtddio or towards the front, the ataam ia drafted fnm 
a point where the ebullition is little or nothing; and as the 
water is quiet the steam is leas liable to be burdened with 
spray, than wii. ti t.iken from tl\e fire-box. Also, the impu* 
rilies ia the boiler are depeeiled rather towanla the front, 
when they aioaompaiativaljhaimilaiat aadthewaMi<-lav«l 
over the fire-box remains more nearly constant, as tlip ac- 
cumulation of water under the domf reduces tl>o f^Uu watar, 
by partially withdrawing it from the fire-box. In some 
boilera, however, the apace devoted to tobea ia ao great aa 
to laav* bnt a ahallow ateam-apaco above tbamt thia ia 

anntln r eai;se 6f prinr'iiL:, rv^ the etirrf-nl wJi'.'li HfU into tte 
tiro-box towards tho dome, dri^s llisd walor with it. In this 
case, it ie better to divide the steam into two cnrmnte by 
tho adoption of two deoiea and ortfieca, one over tho fire- 
bos and the ether ferward on tho boiler* 

Impuriti"'! arc at least as injurioti? as deficiency of steam- 
room. Tli->^« which commonly exist in locomotive-boilers, 
and oeea^ioti priming, are soap, oil, grease of all kinds, and 
eartlqr and vi^taUe natteiB ompended in tho water rtoaived 
hitoiho tender; and it ia well aatafcliahad that the aeaaohij 
of coiishn^tiVdrH h ^^rsatly pnMMtad bgr tho nafaUaoaiwa of 
pure water in the boiler. 

ExfurHimli 9f M. PamhoHr, 1834.~Pambour concluded 
tltatan avaMfa of at laaatU per oenti,orone-foMrth of the 
water coaanmad fiom tho bdfer, pmaad off in the liquid 
state, with the steam t!<rou:;h the cylinder. As Pamliour 
asatumed a preesure in the cylinder equal to that in tla^ 
boiler, — an assumption which was far from the truth, the 
qoantttjr of priming in the boilers with whieh he czperi- 
ttkotttad waa daabtleai above 30 per cent- of the total een- 

.•iUIllptitll. 

/ixp^rimeais u/ M. Le CiatMier, Ihi^i'i.* — The engine 
Mulliouse, made by M. Meyer, was tried on tlie Versailles 
niiiwa/, at 90 to 40 miieo per boor; itwaa finrad that from 
S8 to 90 per oent. of the water eonanmed paaiad throogh 

the evliriders as «ater, duej<il:itly to jiririiing and condensa- 
tion; and that the sliorter the admission the greater ma 
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(lie ptretntag* of water posted. We have airttdj foand, 
}if IB MWAwtfiiB of th* MpAiuion-curTw of inlhlur 
dhgwM, tint gMlir tw nh p wI iiM aMtsda longer npaiH 
»ions, and «• I»t» iw doubt tint M this principle the 

varvin;: [ii'rr. iUa:;. « almvc noted sr* to be nrcouutfid for. 
In this opinion we »re confirmed by M. L« Chatelier. 

Eaftrimma$ if MM. G^uim mid L* CkatdUr. 1844.— 
Ib the npniiMirta with tha Oimld^ on the Vcmillee 
mtltny, the Ion «f viter wm Ibnnd to be 18 p«r eent. of 
ihfl whiil'? ciJti«umplioD. Witii vi-ry little expention, and 
oyliiider« well protected, and with a very email iteaiD-oliam- 
ber in the boiler, it if pnbdil* tint thb fmuta^ b 4ho 
entirely to priming. 

EgptrinwUt «/ M. Btrltra. 1880.* — VflA Hn anginee, 
MMafSaid 154, Urle.'ius niilway, he found a* folluwa: — 



Here we find a very largo taq>las, and that the «o^m 
mckodwith ahorter admlwioiii yielde the greater iurpbaef 
witar in the ejliwUr. There ia abo is tho Mooad tagiH^ 
a greater apparent erapontion per povnd of eekes tUt iht 

authors of the work from uiii- li '-xplikin by Uie 

^reat«r heating inrface and lower apeed of ttio suoood eogiai^ 
and by the nomerooa perfoeatione of the iteam-reeeinDi 
pipe witbhl tha bailer, joat «far the fire-box, there being ne 
aepanta ateaiii-dwniber: tha i^ter apparent efficicaey 
beini; therefore duo hotli to crap rnl ifi ini l |iri n i:;. 

Riptriwumtt on tkt Caledonian, (ircfnoci:, and K^iiiAmfk 
and OlH^fmftitmayi, 1850.— The engines on which ( 
mkM««»Mda by the avthor, Cur tha < 
thaw a tnia u i pl aa >e priming and 

In the tabic No. 74. widi >li n-lmn flrilive to thi> ini|iiin. 

Seetiooa of the boilen are appended to tlte table, with tiuii 
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Pntimimj ButmaU rfCmimmUm im Apaml 

dltTi. — Before gotfl); iala tba asparimenta, «a aioet ra- 
eoneider the internal andeaoe of ndieatorMiiagnwMi on tha 



m CMmMmt d* MwMm 



thare8DltaofwhicfaareenibodiedtataUaS9,pmo8Z. Itw 
aonduded that tha itatad loeaee by eondenaation, thetaaillii 

wore only what were dedaeible from (he espanaion.«nfn*t 
and that the total cnii i.'!i>>.itiiiii urun Im- riiui;li ^t. I" 
that (able, 3d eolumn, we find that for 7^-5 per nnt. timf 
■ion, there wae leee ateam bgrlS paraaoi, at the end of tb* 
thaawhn tha •!«• «m fM «ff t thath^t^ 
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VM ft Imi of 12 per Him by fwi ifnititt*iiTi '^wiiig nrpmiiinii 
Kmt, M «Ut ha «M Mond nnr tk« and «r «lw •tnk*, *iw 

loan mart have bc«n nt li-:ist f« ^'rent (luriH'* tli« !iJinission, 
when the cjlinder wu »t k-ast as 1^:1111; luiii if thcro bo 12 
per eoDt. of Kinitgnirtinn for full Laar, there mart be at least 
mwk Sat tiimiMitMiii of £0 per o«Bt^ knowiqg m we do 
Alt ibortir adnlidmaMMgMtar paremtagwor eendiB- 
p-ii inii. We shall, therefore, adupt a goncral loss of 12 per 
ccul. coudenaation in exposed c^ liuiiui j, fur ail adinissioiu 
between full gear and half stroke. Tho indieaUd loM for 
an admuiioa of Inlf itnlM^ oc 00 par vnx^ k, bj Uw tebfas 
iMthiBgi katthMiigutodnplj flirt dwitMBlMtdu^ 
ing the first part of expansion is restored in the last part, 
and it gives no indication of what is lost during adroisaion. 
The same eoosiderations go to show that tho lott^ct iluriii*; 
tiuttar wlmiwiMH, iiidi«ait«d bjr th« «s««w »I ateam at the 
«ido(fipMHi«i, wL t, an MitiAilj tw tiua flw total 
loM«s; and, therefore, to afford approximation* to the total 
lo«s«s bj condensation, wo shall odd a uniform extra loss, 
12 per cent., to all the indicatn<l lo.saoB in thi> '6\ column, 
for tlie shorter admistioiu. Makijig tlica« additions, and 
adopting 12 par eeat of boo tu dl tiaimiiim olbeva half 
stroke, w« lutto tlM poroonti^ of total loai \if ooodnaa- 
tion, in the 2d eolamn of tlw •nntxed table : — 

TABLE. No. IXXV^r TUE CCNDEKSATiaM ul' <irBAlI tN PAK- 
SUUT nOTBCTED CrUNDERS. niB VARIOUil PKBIOIM OT AD- 

naaaant, utDocxo rnou the etidekce of tdb imnoATOR. 
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To reduce the contents of the -J culumn tu more ordinary 
terms for comparisoo, we hare, in tiie 3d uolumn, repeated 
the percentages of eondtinaatioB, «xpreas«d in terms of tlut 
ssMif attaai oonotnnod finm tlw boilsr, indndiag vlwt is 
amdoBOed. TInoo wm tlma fcond; — enaiipta. the 
Fleam /'.?f in futl ;rcar, lioing, as Stated in c«!. 2, 12 jj^t oMt. 
cit tiiu «ieik:u uud in tLi» cylinder, that is, 12 parts Wt Uvc 
every 100 parts osed; then, the tthcU steam admitted ia 
(IWH-IS) or 112 paru tot msy 12 paiU loiti and tba loos 
» ISXlOtH-llSsll par ooM. fli (teidwlo ataan. M oolaiwl 
in col. 3. The oth^r rssvihs arn ftiuiiJ in llic same way. 

The oontonts of this tablo cxpr^is tks Itwei, of course, 
only in average figures, as these mast vary, with every 
dipooofpntaotiaa far tiia eyiiadari and to aoau oztant 
tilt ptiiaB f I duffaif adBtbatett. 9»r««diiurjro«laide 
cylinders, and far prtiisiircs iinclcr 60 llis.. tlicy are 5ul>- 
stantially right; whsu tho pxtaaurc amounta t« 00 lbs. and 
upwards, the proportional loss is probably maoh reduced for 
admuakma above 60 par ooitL, bat for matarially shorter 
■d m iw i o M ^JWinwaatrf pt Ma n Otothariwiidi, dauaity) 



I Ttna aagmo via m nfth tho lOJO *.m. atpmo train, 

I avomgini,' fi'7 carria;;f5, ffLini Glintjow to Carlisle, a distance 
of IOj aiilca, on Uio Caledonian llaiUvay, and it performed 
the trip in 3 hours, iiiitiut«'*<, five stoppages indoded. 
lodietlor^iagnoBa wars taken trom tlw e/ikdv at iatiiTab 
of eoa or two inilsa, wfth the number of the notdl wider 

which tho engino was worluKl. Tlio points at wliicli the 
steam was pat ou and tihut utf, aud at which the change of 
notch were made, were also noted ; and theae supplied the 
niaana of ei timath ig tho volaauo of atmrn paaaad tbi«a(^ 
tfao ^findaia. TkUa No. Ukn. eeotalna iShm dalat tho 
last two columns contain the raiks r<in under faf'h nritch, and 
tlie average pressurea at which th« steam wa^s auppruued. 
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W> bat> now to 6mi Uh Toliunea of ateam f M wd ttw^ 
Um qrliaitn par mih no. Ibr wclinotafc. ^amrf 

slow diiignuai, No. 42 wm tatad Co ■M pp W M tilt illMlli 

the front stroke, as follows 

lit Noub, sappttMUiB St 14-S inches of sti«ha 

&I ,. <la 13 M 

M .. do- It 

«th „ <lo. • „ 

Rtb cr nuii., do, 3'4 i. 

And hy a pnvuNU eumination of tlie valves, the admiV 
sion for the iMMk Uttwlw was foasd to b* 1 inch shortir ikt 
for tbt fnnt, under the Ist notch, and (Im difuna 
became smaller tat the higher uolclios, until in tht itli 
nuti'li, or niiil-L'r'.ir, tho .I'ljiii-.si'jri'i wcro perfeellr eqiji. 
The mean admission fur the l«t uoteh m tltus only li isdu^ 
and, adding the elearanee, 11 inch, 15-1 inches ittlMaMi 
total admission. The periods ct tamfnuaM mn dn 
found by the slow dingram, and 1*1 liteh tnnat boadMo 
each of tlii'iii, l'> 'jivi.' (In; ti'tiil v.ilnnic-^ n't.iined. In iliij 
wajr, we find the mtsan total admisaions and oompreaiiii<, 
as ftillo*:— 



S<I Notch 
3d ,. 

as : 



13 0 inches. 
117 

4» „ 



Tnui c iim | a 
4-1 iiieha. 
4-8 „ 



Tho piston, 13 inches diameter, is 7 inches am: 
then the voiuma admitted for tha 2d aoUik is ItQ-Jidtt 
-*■ irSB — 1*391 Mbie taut, wbidi taikn 4 tiaN iaMMkl 
fur one turn of wheel. A 6 foet wheel makes 2S0 tm 
per mile ; and 5-5C4 X iitW = IS.'iS eobic feet, is the i«d 
volume admitted per mile, I'm 2i notch. The volim 
retained by compieasiain ia found by the same pnMasi,>K 
for ilw difftrent BotehM «• lim tbn IbUowiair * 



admitted i 



3d 

4tk 



nprcssed : — 



JlJmiltMj far «Jrt. 
I5.W fccu 
I3« „ 
11*8 „ 
<U „ 



4BV IMIn 



9W 



Tilt" abstrri '! uf e.iuUniU :i[i|ii'ii(tf''! to the foregoing t»t!?^ 
ia drawn up iu luur u, fur t'uur successive sectioM of lb 
railway, and to find the quantities of water receirtd nu 
the ^liadar «■ aennUe lUam, tiiat i% Hie wtlii ^ i ii » « l *« 
of the indicated atewn, eatiraated finn the pnaaias ali^ 
|iri>'M:in, ilie Vuluriirs- of .'■tp.-.m fxjiiaded for each 
mmt be dnrt.l«;4 l>v tin- rilii'iiv.n volumes due ta tli«ffe>- 
sures. For example, in tlio tint section, we finil l"* 
47 Iba. BtMm liaa bean admitted fin imilab mdir dw!^ 
notch, wfcieh ndmlta ISSS feet par mile. t»i«S»,^ 
voloms admit!.' ! l< i.iir>liiilf, or 770 feet; and tho rfl»li" 
volume of 47 li)s. iteara being 4^ then 779 + 453 = '^ 
cubic feet, is the volume «f vaMtMiiitted as steam. Stm' 
of 4 lbs. ia retaioed hj aMNprMrian, the tatal velsiM W 
which for 4 mile ia SSSfeH; iu rebtivie vofam i> 

and 235+ I.'Ui = -17 cMc tW,t, lli<; vi.lam.' as »"'' ' 
Thus 1'72 — -17 —1-55 cubic feet, is Uie valuaje <)f ' 
as steam expended under the Sd notch. To take the mst 
example, 86 Iba. alaam is adnulted for 5i miles \ai« ^' 
4th notdt; thia noteh admits 1 128 feet of steam pc i""^ 
and tho relative vhIuhk; uf ^>(> ]hf. sU'am is 
J J 2a +542 = 2 08 feet of water aa steam admitted P* 
mik, and mxsl« 11*4* ftatllic tba lAilf 
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Simitarlr, for tJiu next el:arr^r> of SO Wmi. for r,\ mihs, iho 
waicr-ci^uiviiieal ia Xi 'M feet, auii kir 7> Iba. alc^m over 
S milM, it is 10-05 feet. The sum of tbeee three qoaotities 
&r tJM 4iti soldi k 96-79 bet lor 14 bUm. TJw aooprea- 
riut-pmniN of dw eiibMet alMM T Wigw ikoat 8 Ibi. for 
the 4tb nntcJi, at tlu- olistTveil s|ii f:l.s ; ih« rcljitivo volmno 
of this ztokui in 12S0, arid tlip voliinii- per niik' com pressed, 
is 607 feel; then 607 -f- 1 2,S(I = 4" fed, i-i th« water- 
«|aifalMi par milo, and -47 X 14 — 6-58 feet, i« tb* toul 
vohHM aH^tA i fmUj. 3S-79 —6m— ShSl oabie ftet, 

ia the water-equivalent of setuiblo stf.im .'xprnJed uiiJei- 
the 4th notch. Adding 1-55 feet for iho uultlj, ws Lavo 
5 tr>ial of SO'76 feet of wad r, u^ei aa eteam sensible to the 
indicator, oa the fint Motion of nHnty from 6lM{gow to 
UwtiMnraU. Tb« total mtOTeetManiwi from thoboiliirwas 
Cwnd bjr n mm u wut aqoal to 15'82 eobie foet, ezeeediug 
the indicated eontumpttoii by 5-M feet. This exeeas ia duo 
to priming' or condftisation, or to 
14 per eaot. of the total water uaed. 
Tbo flfHutiau jut ditaiiMl an 

'IT tat' 



hM^ re- 



Id Naid^ loflik «7ll>«. 172^ — 



idi 



" 3 " 

Pi *l M 
W ' » 



Jit „ 1144 

It „ 14-ao 

ft „ 10-OS 



as 70 feet 0-M iiMt •= 29-Sl feet. 



Water-ettninlent of iteam used. 
Total vuter us^, as B>oniurL-J. 



3070 feet 
3i83 



Exesii, IB (riming and oomleoMttoa. . . A-WiMt, 

<rl4nrairt.«ftBtaL 

The same nU Ic of rfduct ion lu itiL,' .i[>[ilicd to the diagrams 
takes on the other sections of tiio line, we obtain the follow- 
ing gananl iMQllai — 

>■ M 1.1...: n,:-..|, K, riiiiv 

1. aitog..w Si> Mwlkinr»ll. 3fr76ft 34 a2ft. 6 Oflffc, or H n ct. oi total. 
S. MoUkGfvetl to CaraliUni, ia^l 4848 4-14 «rM 
a Caretwrt lo IkaUock, fJ-tS 0tH UMS er U-4 „ 
4. Beattook to Carlisle, 03 4i2 70 50 170(t or SI J 



Tota^ Glaagow to CarlUlc ltH 37 231-til 37 A3 or 2 ]k r < i lU 

Having thus found that a conBidemble excess of water 
)ias [MLssfld into the cylinder, the qucation remains. How 
mnoil la dw to ««d«naation, and how nuuh to priming! 
To amww tliii, we mnt And (lio avoni^ pariod of adtaitaion 

for each soc-f'on of tlic Irip. T!iu follo-.vin^; is an alulract 
nf the miles ran under each notch, in each section ; and tho 



ZA Kotch, 13 inches. 
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( or 45 per oenL oTslnkeL 

lOJ in:'Iif-s. or 84 per cent. 
lOi iDcluB, or 80 per cent. 



8 



Fetal ttmmt, Glaesow to Cariitle. 0 iiwhoo, or 48 per coot. 

Thaaa ttaiagBa an oMainad, in Mch case, bj mnhipljing 
Hm admiiiiina Iqr linir napaaiifa mileages, and dltidiaf 
llwsiuiaf tkapltduto bylliamnflf tbauibigM. Tlw 



following IaWo shows, in the third eolamn, tlie !o5h hy con- 
densation, ia p»ru of the indicated atMUn causumc-J, dae to 
these areca^ admissiona, deinwl bum Table Lxzr.. and 
in tho iborth oolnmn thaia laaiM w* aonvartcd bj ainiple 
proportioa into put* of the iHwIo -water oanaanaai, Tba 

fifth coliiiiin rnnL-iins the total rlistrvcd loss. 

TABtJi, No. iJcxva-ixMBsa or muM and watbh in thb 

WORKINO OF No. 12, CR. WRB KXTRUS mW. AeaesT. IWU. 
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Tiia oonlante of «ol. 8 ahow that tlia aliorlar tiia avoraga 

admission the greater is tin .i> t Idh.* uf atesm and water. 
Thos, comparing sectiwus (£J and (1), ai t-duv'tion of admis- 
sion from 54 to 40 per cent, fully doubles tho lotss. Again, 
the 4lb ooiumn ahowa that BMurlj all tho actoal loss is 
Ij oeadaBiatmi ; for, in asatieoa (1) and (S>, tlia known 
losses by coudeUBstiou are eqaal to the whole losses, leaving 
nothinq: to be aeoonnted for by priming ; in (3) and (4) the 
coiidi nsation is from two-thirds to lliii-t-f mi tli.^ of the total 
loss, leaving Sk par cant, of tbo whole water used, as a pai^ 
eentagsorpritttog. Fvrther,tbo»*«il^C»r thatiriiola tlip 
shows tliat, ont of 16'2 percentage of aetnal loaa, 13 per 
cent, is certainly condensation, and the diCTerenee is so small 
as to rliow tli.it tiiiro is siibht.autially no priiiiiii:,'. Tin- 
rates of consumption per hoar while the eteam was on tho 
piston, whieh an nddad in the laat oolnmn, an dedooed 
bam tha obaarrad intonrals of tints between tho opani^g Mid 
the closing of the rpptlaur, stated in the abstiaet of tho 
t.-il.le. Tiif-flfi .hIiow tliat. tlio r.iti- of i-vri|ioi',aiion had nothing 
to do with the observed losses oi water, as the smallest loss, 
(section 2), has taken place with a comparatively high rote 
of orapoiation, and tbo graatait loaa (aaetion 4) witb a nneb 
lower eraporarion. 

K.rpcriii\en<t icith I'nt.'oxji'r-Eii'/inf'. ,Vo. ^S, C. R., 27M 
Marei, IHM. — i'lus «iigme was run with a ook»-train np 
Beattoek Incline, 0. TL, naarif 10 miles long, and of • 
gradiant Taiyiag from 1 in 88 to 1 in 7S<i XhoMotntwia 
prforraod in ^ mfamtaa, or at a moan apaed of SO miko 
per hour; and 42' 7 feet of water was consuun l from iliy 
bailor. The aogias was worked in the 1st and lid notches. 




PorS I 
Aral 



and .-tddi:j:j tito total clearance, M inch, the toIsOM of 
steam admitted and retained per mile run, are : — 



Isi Notch. 
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Tlie mran pnaMire of «tmm supprewMl wa«, for the 
1st TiOtch, fOIiM., uid for the Sd, 661b«.; th« prM«ar« 
OOllipruss**! was, in botli cases, 3 ll>s. From thefte data we 
find tlist 36-95 fatt of aenaibia (team was paaa«d through 

W»t«r consunio.l fmrti t)ii- Uiilor, 42 ^<^ fivt, arBffeltpvkfllK 

Do. do. ■« MgMUxle MMm, ^it; iit, „ 



or S7Sf«et. 



stroke, • part (>( tins Iom, equal to 12 per eent. of the indi- 
cated ateam is by table Lxxv., dae to eondwitation, aad 
b «aiiMi|n«itly 10*4 per oont. of the whole cMMWlptita, 

leaving ouly a ka of 8-07 par Mnt. for priming. 
ExpmtnmU icirt GeeA-EityiM, No. 127, C. R, July, 

— Tlio ciir;iii6 wa.", on tlni .'Jd Julv, run nlone from 
St. Rollox Statioa, Gla«gow, to OarioiigiU, wlmisce it picked 
Hp m tnm td loaded coal-waggona ; and this train it conveyed 
to Brattock. On the 4th, it ascended Btttttock Incline, 
with the train ; and finally, havin^ left the timni at Beattock, 
it retunu'd aloiiu I'n ni liealtork to (;l;i!i;row. 

3d Julj, the engine nud tender aluue, ran from St. iloUox 
to Qmimj^ so miles, in the 5th notch, or mid gear ; with 
its load it worked from GariongiU to Beattock, 44}- miles, 
in the 1st, 2d, and 3«1 notefaea, according to the gradients. 
Thf- follo-.viii;; aro the mean Talufi* I'lr thf-w notches, and 
the lengths of line over which they wero worked: — 



lUfiS iocbc*. 
U« „ 
WO „ 



;» 25 inclie*. 
4 0 .. 
60 M 

lit « 



nil ;V.^. 

14M „ 
110* „ 



latKoMh, aatatixu 
M » Witt „ 

•4 

Sth M ,1117 „ 

Tilt pnannes of the at«M raffiiMMd win wmaged for 
each notch, and allowing for the steam eompreas«d, the 
pressure of which averaged 12 Iba. for Uw &tii mtob, and 
practically nothing for th* «(W aatdu^ m hem tihe ftl- 
knriog gwend results : — 



MIMA 
M « 

M » 

5th „ 



( M »«. 
; <:i II.,. 

73 tba. 
(OUlbs. 
i4311». 

CI 11^. 



fw 9 miUis, 



I- 



1SC7I cuUo 1 
ftl'lO .. 



., 20 SU M 



Total watir ooii*uinett m acntiWo iUaua, 314 ^ „ 
D(h eoownwd faun the boOar, WMP . . 

lioM, 11>'87 i«cr cent., or 77 OU cubic fiict. 



For 14 miles, 1st notcb, 

0 „ 2a ,. 

l»i .. 'Id 

SO .. sth » 

5Ai miles stsail CQi 



Fnim tbu H appiwi the aTeiige adauaioD Ciir the wbiole 
trip b 10-5 inehwieir 491 per eeiiu The total dtMauebVi 
iBel^ kbif eMad, the tohunee pir iiile «ie « fillew :— 



mmUm par hovt and thataate WM aaoMmadlmi^ 

boikr at the nto of 149 6at per hear atoam an. 

4th July, Ist Eiporimout. The i-i^gice .•V'icfndeJ E.:*ttO(k 
Indioe with iu load, under the 1st notch, lu mUm 'a 
m minatea with full steam on, the diagrams being all of 
the fonn in dot-UoiBfr fig. 1*1, p^^t Ms U dlaa CM HauSn 
extra, alone, after reaching the ewniBU, to feed itidf rih 
water, the timo of which, ai! uf little iiionii-nt, ttss av. 
n beer rad. Averaging the oboerred pressures, we hare tlx 



InVeieb. 



Aa iha aawia^ admiaakm «aa 43 per cent, of the stroke, 
we hate to dedoet for eoadeBntiou, by talto lxxv., IS 

per cent, of tlio iiiJi^'atfl jti-mn, or \ \ i'i jn-r i-cnt. (jf ih-? 

whole water, leaving 5 ii per cent, for priming. The total 
the atevB iiaa aa, «aa S| heai^ at a oicaii apeid of 



rm lbs. fori id!I% 

r.,', lU. „ 4i * 
2Ulbs. „ 1 



_ I Mlba. „ 4 « J 

Waur wnaBiiiil fi ma the Coaer, lt(H» 



The adviiaiaB hahig O per ceak, IS par aiai. sf lb 
senatUe etean, or 9 per eent. of the whole water, coaMsWP 

for condensation, aad 16 3 per eent. remaine as fnuof. 
The mectii s[>e«d on tliv iiii.lin>: was 8'3 milaa pirhiNir; th» 
conatunption of water, 141 feet per hoor. 

Sd ExperiBMDt. The angiae aad tender akoe^ aMsM 
Jlealtock Inelti:?. under the Sdnoteh, 10 aiileeinSSniiiaii^ 
the diagram-t leiag of the fonne in full lining, fig. HI. lb 
moan pressure at suppression was 18'5 Ihaa* bwk piWB* 
H lb?., rictdinj^ the fnllnwi'it™ result'* : — 

AVa««r ct>4uuiat,Hl irum tlio Ixxior, 2^ 0 too, ur 6i feel per bvat. 
Jh, do. aa teiutUe sssaeik U SI „ 



Less, ia-1 ter apt., <r _4-t7 bat. 

By the labia, the loss for the 3d notch suppressing k 
half-stroke, is 12 per cent, of the sensible steam, or 9'8 fa 
cent, of the whole water, for condensation, leaving ftt 
oant. as priming. It u aicet likely, however, cMuiiUniii 
the low into of atapawthn, ttia lew p i aa en ia la the cylbb, 
and the great bilk pfeaaan, that the baa b all l^Mt 
densation. 

29th July. The engine. No. 127, cftn?eyeJ a tnio 
loaded eoat waggoae from Qariongill to fidiabeisK <i* 
Oaatain. IadIaator.diagfaau were taken firoai the ejHMb 

during tfifl .i3<'ent nf the Wishaw IiM'!inc frorn OariiMpH, 
and, separiituly, iu the ascent from Gtrsuirs v> Oobbeiisfu'> 
the summit level on the Edinburgh branch. 

let Experiment, Wishaw Indine. Dk^nuDi wefs tM 
over a dbtaaea of 7| milea, at fmib intorfab, «nd« ^ 



Ut and 2d iioI'Ikss, which was run 
the loiluwing mean prsesuree : — 



latSaiah, 



94llH.lb6taa 
ffOe. „ If „ 



Tsial water consumed «s h ii 

Do. dw. from (ho boikr, 



ti mil. 



lOOW 

Less, 31 -4 per cent., er n^tfMi 

Twelve per cent, of the sensible steam, or 8'2 p«r 
of (lie whole water ;'o<'« as v'undtnsation, and -iy ijuT^*'- 
as priming. Mean speed, 13 milea per hoaii coii9UinfU<» 
r, 177 bit par 1 
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DUgruM mn taken 
tb> lit agteh, in 39 minataa, with Uie 



Sttlinf Hide 12 per cent, of the eeaeible steam, <jr 10 p«r 
cent, of the whob w»ter, for condensation, wo hare 6 per 
cmt. over for |iriniing. Mean speed, 13 miliH pv iHNirs 
connmption of water, 186 fat par hour. 

Ib (hiatripkWaftidSDpHFMBt of priming in Ibttnt 
experiment ; and only 4 per cpnt. in the eecond. The difler- 
enee i« due to the relative juirii v of ilxe water employed; for, 
wherea* St. Uollox water, uscil in the firat instance, is 
ffloddy and otherwise impore, ih« mtar M OwatMn, with 
vfWeh the tosder wm nfllkd, prerfaNU to the leooad trUl, 
is clean, and is InJcwl acTiiiwli>1:,'Mc] bv the pn^'TTPmcn 
be the best cu tlio linu, Tlius, it cli-^irly proved Low 
impurities in the water increase the priming; thus, abo, 
tb« pnlmnM of the aagineinea ta to be aeomntwl for. 

Ib tlw nxftdrntta, prwwMly diMowd. witli Vm. 1t7 
and 42, the water was an avrra^jy of tli.^ .niiiplies obtained 
from different parts of the raiUs^ky; .-vud with ihd passenger- 
engines it is studied to depend as little as practicable upon 
tho St. BoUox tank ligr mpp^. ABoroaniformquiitjof 
mtar ia thoa obtainel, and tliia asphliiB tk« more ikT«mi<. 
able results on (lie first «Mt)ons of the line. v,'\h X >. 12. 

ErperimenU uitJ^ No. 7a, C. AprU, 1850. — The con- 
ditions under whieh thia ao^Ba mtn tattad, kam baaa Botad 
a(paga89,aaM. 

lOlk April, firtt day. Graanodc to CHa^ow, milaa. 
Admission Hi'i inclu!, cnnipri^siun 11 inch. Boiler foul, 
water luuddy. Time on the trip, 1 hour, iooiadiag S stop- 
page* ; DUB ^aad 8H autea par bow; ranntog apaad 
SO milaa. 

TaB iBdiealoiLdU|;niMa tmtv takaa on tbo trip, like 

those at page 89; the steam-pressurL> is avpragtxl fnim tlie 
diagrams for the whole length of eacii gt'ik<iit.-ui. ^'u aliuw- 
ance has been made for the spaces run over while the steam 
was diat off ooming sp to atatioaa, aa wa han aaaamad 
mgUy that d» aitia pmasn and dcnatly of alMni at 

ftartlng from itationj is au pquival.r.t fur llni stL-;iiii so 
!^llut. off. The pressure of steam suppressed varied from 
16 Ibg. to 26 lha., and the mean miiiipii iiiiiini piaaama was 
IS Iba. The consumption of water was as {aUova>~ 



Water used m sensible i 

ithslMlarl 



421t 



JM%m|ftaiBt,«r IMS fat. 

Ifth April, third daj, Ormiock tii Gta^^^rj*. Arlmission 
ItH inches. Boiler run ul)', fru^h water «upplie<l. 

WatarHcdassciuiblestcBm. 40-97 ftet 
eooiuiued frwD bwkr, 58 'GO , 

LoH, 19-8 per cent., or ifC? feet. 

These nttaIUBbowartdaatiaa«fpritan|giiiU/oBa>tliiid, 
wine datBar mtar. ta dwaaaaBdaMaihatntarwM 



■till impnn; and, as the eylinden ofNo. 7flai» wdl pUetd 
inside Uw smoke-box, it ia probaUo that tha lam «f watar it 
Dearly all Iiy priming. 

Wo torn now vo ibe esperimente with the engine* of the 
Edinburgh and Glasgow railway. The main line ia 48 
Biilaa kng, and is neatly lanl tat aboot Ml aiki^ ttt 
whiflii the steepest gradisot la 1 h MQ, fram EdlDbnrgh 
to Cowl.iir« station, whence it d«Brcniis to G1isl;ow by an 
incline of 1 in 43. The eoginca leave the trains t«rwards 
Olaifow, at Oowlain; and they deacend to QUagow station 
ba outgoing trains, being aMiatad on the inoUna Iqr b 
atatiooaiy asgiM at tho aanMnit. "Om, tha laogtfea of 
tripfw thaaq^BiBa>t^S.t»Q.,46f nl]aa,«BdO.C«S., 
48 miUa. 

ExparimMtt wOk tie Orion, E. ^ G. Jl., iMy O Ba to - , 1860. 
— This eng'me wa* subjected to <^«BWTatioB oa two daja 
socoeosirely, in the performance of it* ordinaij work i and 

itiilLcator-dia[;ninia wlto taki.'n at one 
three successive iripe, as follows 



etbSep. 1st trip. JailhiAr 
Vlhftv. Id do. llHt^ 
Mda. - 



]9t Jkperiment, 11 A.I1. ocdiBary train, Glasgow to 
Ediabiugh, 48 aiikat 12 aloppagM. Total tiBW «f tdp 
2 h. I m. SO a. ; steam oa, 1 b. 91 m. 8 a., oner • diatana* 
of 391 "lilt's. Tdtal water consumed, l.l.S feet, or 80 feet 
par hour ui btaam on. The engine was worked under the 
<tb aBd 6th notohai^ ai««pk ft far paaaa in the Sd at start- 
ing ; and tha faliv-gpar ma aa IsBig aa 4» gitr* i 
notohe*. abootS iaifeaa ahorlaradfldaaioB fati 

far tin faot. Tha adaitaion was aa folkwa : — 

Ihtk ititkt. 

13 ioeties. 

?: 



2d Noteb. 
Wh ,. 
Olh „ 



15 iocbei 
10 • 



FortjHHMdil^nuna were taken on the trip; SO were nnder 
tho ISth, and Si nnder the 6th notch, — nearly equal numbers, 
and sbowiii:; an aviTa^c aJiiii-^sioti uf 10^ im^liun, front stroke, 
and 71 inches book stroke. The average indicated pressure at 
eapptaaalOB ma^ 90 Iht. tat Ute front atroko; tat tha baek 
stroke, it mnat be higher, as the admission is shorter, and 
we have seen that shorter admissions give higher pressures 

in the i-ylindcr, tlie regulator rmnaiiiiiig tliL' same. l''nr 

csampl% in fig. 117» page 72, the two diagnou, taken oon- 
saeativeliy fan fbs CWoB, ia tha Sd aad Sth Botahaa, aiMW 

a suppression-pressure in the 5th notch, higher by 10 lbs. 
than in the 2d, and the excess is duo to a shorter admission. 
We are, then, salt; in .I'lojiting an excess oi 10 lbs. pressure 
for the baek stroke in the esse before ua ; and tho Mippios- 
(rion-praaattfa wiD ba W Iba. Fiaallx, (ha bmbb avanga 
j admifi n is (lOj + 7!) 5, or 9i inches, and the com- 
pressioti is i inches , th'i tu«w soppression-pressnre is (20 
+ 60) 2, or 55 lbs., and the i:<irnpre^sloi:-pitmBia ma 
4lhs. Allowing I'l inch of dear.im-p, we have 

Watar UMid *& sca^bilc lUiaja, lOZ foct. 
Talal water coDsomed, ... 135 „ 

Lon. 21 .'5 r^f <*»t., or sa f.tt. 

8d EipariotaBt, 6 30 ajl oidiaaij train, Edinburgh to 
iilSatopmN. Tataltimaar trip with 
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S I14 n ». ; (tMin on, 1 h. 44 m. 1« a., ovw » dif- 
«nw of tri nilM. ToMi ii«l«r ommnrnd, m fMl, or 

72-7 fwt far hour, stc.im on. Tlu' fiiu'itu' was Etartc.l in 
the 2d notch, aad warksd regularly in the 5lh, with the 
exception of 4 miles in the 6th notch. Th* ~*tttll prc^snro 
of a^iim nililinoMd, d«diM«d ftem tiity dii^^ 
fav tfao 6nit itrakeo; and, uddlng IOHml, wolum 6E Itii. 
for the back strokes. EstitiiLitin^, .lecanlin^^lT, the steam 
admitted, and deducting for a compression of 3 inches, and 



HI'S I 



8d Experiment, lO-SO a.m. expraaa, Ohagiow to Kdin- 
bn8li,i8iu1w;S«tflfip^ TotoltiiMorii^lJi.27m. 
40i.t aloBin OB, 1 b. ISm. to*., OTtradlttaaw of 44 mnee. 

Taul water consume.:!, TS'"" Wet. or 60 feet per hour steara 
on. Suu-lcd iu the 2il notch, aiiii worked all the way in the 
«th. Ekou forty-six diagrams, the mean pressure at sup' 
pmaioo wii 40 Ifaa. for tin fraBtstnka; and, adding 10 Ikw,, 
i» ia <0 Ih. 1(M- the huk itNka. Wilh tlnrnvlMris fltaui 
tanpicssed at 5 inchea, dia mtar la aillHMM M JbDoim 



gr S'Mtal. 



On tlio tlirfo occasions just detailfd, it appears that tlie 
loseea nieto nuceessiveljr US, 11% and 3-2 per oaot. Ihoso 
m believe to b« alnioat aotinljr Ij the |tiaiiig of fenlinitea', 
as we shall afterwards discuss at length. 

E'j j rrimsnt vith ti*SiU',E. and 0. Jt., lOfcl October, ItCiO. 
— 10 ;iO A.M. i \|ir(->*, Edinburgh to Glasgow, 4Ci milci ; 
S stoppages. Total time, 1 h. 34 m. 45 a. } steam on, 1 h. 
81 an. 4S a^ br 49i- niiba. Watar coumneil. 148 bet, or 
104*ff laat per hour steam on. Forty -seven dtjt^mms were 
taken on the trip, showing suppression-pressure:* Iroiu 25 lb». 
til (il llis. 'JD insure correctness, with such various pres- 
sures, they have been »verag«d into nino differsot pressures, 
JbrwUeh tha aqidTatonIa «f water dae to tbeir respective 
mileages have becu estimated sepnnuly. The compression- 
pressure averaged 7 lbs. With 1 2 a mclice (rout admissian, 
11-3 back ateiaioB, and 8'i iiadHi oanpnarion. wehav* 
as followa:— 

WsMr ased as sanstble staam, 13S-S feet. 
TetalCODauniption 1 ti n ., 

Loss, i-li per ccDt, or 7 a feet. 

Enfmmmtt with the Am«riea,£. md. Q. B., SgtlMiUter, 
1850.— Tite consumption of ateam in this engina was 

oh-^erverl for three trips. On tiio fir.^t r.ii'I iM-i'i.ml trlin. the 
«pring-l>alance of the safety-valvu was weak, and could not 
bear above 75 lbs. without blowing ofT, which caused a loss 
of ataam a( the safcty-valre, in tba ficat trip{ in ih» aeoond, 
tb* bnbace was frequently held down to ndun the hiaa. 

On til.- (],lr.-I Irji. u'. hilr.n,-^ wus subalitaitod, Whid) 

proveiitt J i'urtlier waste in that direction. 

let Experiment, 2d S«p. 1-30 P.1I. E. to Q.i llato|>- 
yaece. Totaltime,2b.4»in.80a., ateam on Sh.lm. 35 k., 
ovw4S|iiiilei. Wataceonnmsd, 199ie«t,or95feetper 



hour ateam on. In brty-ibor dii^fMnn, tiie wippmrfpe. 
pre«ni« raried fnm 88 Iba. to 96 Ibe. « mad AYen^m^tat* 

several nioan pressures, witii i lbs. lack ])ros.?ure, for i;] 
inchea front, and Hi inches back admiaaion, and 2-1 iodbei 




Sd Experiment, 3d Sep., 8 A.M., E. to G. ; 9 ttojit. 
Total iimie, 1 h. £2 m.; ataam on, 1 h. 27 m. 25 a, aw 
4Sndlaa. Water eeusuaed, 141 fiiet, or 97*S <!h* par haar 

steam on. Fi/ly-tliroe observations of tbo maxlinuiit pn»- 
sures in the cylinder were made bjr a simple iui>p«<:tj<>a of 
the indicator, no diagrams havuig haiB taken on this trif. 
The mean of tbeae obeerred pnmnna, wbich vari j b« 
little, waa 88 Iba., and, the arerage wtrodrasviu^' on tb 

Ji.il^'raiiis Liili-iii iu llia utli^r tri[j'< Inin:; 8 llis., wo 

(53 — 8) or 45 Iba. fur the average proasure at wliieJi tin 
HMMteff. Aoooidiqglj, ipaladaifblbift:— 



Tenl 




3d Kxpcrimont, Sd Sep., 6-30 p.m. G. to E., 4G miles to 
Hajmariut (wMt-ond ataiion); 9 ato|a, whole tim^iL 
8 n. 80 a, ; ateam on, 1 b. 38 m. 10 a., over 40? buUl 

Witir u>i-'i, IIS flit, ur .O,-.] iVl-I per Iiuur Klfiiiii CD. 
'i turty-four diagrams showed from 40 lbs. to 60 11m. ai 
8upprMaion;BTaiagiii|guitogMnpi^«ilh4ib«.bMfcfiNiiB% 
walMtT» 

^V*(er uvm] as aeniible stcnm, 143 fnit. 
Tetai ceu»uiui>ti<in Hs „ 

Lo^i, 3 4 pa emL, or & feet. 

EjrpiriiHr^tS iri'ii tlie HriadUy, E. and G. />., 3'i>- 
rentbvr, 1830. — lO'SO A.M. express, G. to E.. 3 »iop>. 
Wiiole time^ 1 b. 25 m. ; ateam on 1 h. 17 ra. a., enr 
45 mllea. Water need, 88 loK, or «8-7 feel per boar stsaa 
on. Forty diagrams show from 30 11*. 1<> 17 IHs. "i ''op- 
pression ; and thi'y have been reduced to &a i>ll:fl;^ 
pressures. The engine was worked four miles in tlie h( 
noleh, and tba lamajudair In tba 4tb, with the foUeaiaj 



l*t N»teb. 
4ib do. 



13 H iiiclivs. 
» 34 » 



OMkfMMk 
128 
0 34 „ 



We moot allow, ae before, 10 Ibe. extra pressoie iirtbi 

lin k stroke. A.tiJ M iii^ li fjr i;trar.ini-, a:iJ allow lit 

inches compression in the Ist notch, and 5 8 inches in lit* 
4ili. Than, with 4 Iba. ptaaanm *eei«ee for 



fceL 

88-0 



WeHrwedaa. 

Telll eoaaunpljon, 



Loss, 'M per eeot, «r 82 79 fceU 

Thia large perrenta||e of loaa la, than ia lilUe dsaK 

aliiiujt tniiiilv Iiv iirimliii;; — -the steam-room is small, tli' 
steam is withdrawn at the lircbox, and the tndtiator-diss'^"" 
taken from tho engine, while they hiTi nil the cbarsctrr- 
istics due to water in the ejrlindert give no iadicaiit* ^ 
coadeoaation. 
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U ia in the fint ploM oaUUistud iitat ikt gopdanntkin 
of otwm In ioiporfNtlj piMMted ejlindm, iiunoMa with 

tht di^grec of cxpiuision. The most dirc-t p-o if ni yo'nt Is 
rappUod by the obserrations on No. 4S, C. H., (rum which 
il aiipoMo tint 

wiihH. Mb 4ti. « forctiLflfaAmiita, 
tht total Ion is Mlb U%l4|.Sl-*pir«Nit.«rifaa«lida«ilv, 

TIat tlic loss is m»iril_v )iy f.iii i.'ii-nti.in. is m:>.I.:' nior.? 
obTious bj th« circtimstauctt that tli'^ grwier Ivmm 
attended tbo lower rates of eTii[i:>r:ition, when there was Ims 
liiMlil^ to low bjr priming. IIm pnlwbiliir is iud«o4 th«t 
in tiio 8d and 4lb aiotiona, 11m fcai ii antirely by cowi<aia> 
tion, M it certainly is ia the Ist and 2il, tVir in ihv fanner 
case, on the southern parts of the lino, llitfL- was a bcitur 
chance of pure water. 

The liability to prino ia ngniatad my moch ity tiw 
qaality of tliawMar.and ao gnat ia tlia inflnnaaof moduulenl 
impui iiifR in !»^.'rav,i(iii^ it, tli:it foul water primes under 
uuy tuTttugeiuent ot boiler that can be adopted. Fur example, 
in experimenia 10 and 11 witli No. 127 0. B., made with 
iRfarior and aaperiar watar laapaativdljr, die Iom of water, 
vfiB with tho aarao ndndirfoD, lirfl tnm St-4t« IC per cent., 
or o;ii---li;ilf, ciriuinly owing tn a rnJui.-lioa of priming. 
Willi .Na, sioiiluly, thacu woa t'ir«<ci.&d a gi^at re^luction 
of priming by a change of water ; and with the Orion it fell 
from 24-6 to 3-8 pw cant., or naarijr nothing. In tho hitter 
eaM^ tho mallMtlaBioeonnad with dieaheitaatadBwian, 
aadobfioMlf eendanMtion hftd iMihiiv todowithit. U 



jl is further curionily remarkablo thai on tiia trip after 
blowing oCexp. 16, tlw printn^, theugli laMtlMHiMltni wao 

L'lfater tli.v.i on tlifl siicwedinf; trip, exp. 1 f), ponaistMitl v with 
ejLpyrifUM iif dr;vi;fs, llat au fugiut imj/rim;^ ia working 

j condition during the second and third trip after blowing off ; 
— (hie impraremaot ia 4ae to the gndnal asttlamant of tiio 
nnainaaf thonnd in tbaboiier.wfaieh majhaTe beea agitated 
by the process of cleansing, but has not been carried off. 

I Thoof^h it has been shown by the results of experiments 
10, 1 J, 14. aii'.l 21, tlu-vt w;tli fmil water no arrau^ciiiunt of 
boiler or capacity of steam-room can proreut priniitig, or 
even aaiioaatfnittigato iddialoianracih tobadonofbr itapiv- 
▼entioo by suitable provisions, with the use of clean water; 

i first, there should bo a sufficiency of steam-room t second, it 
slioiild he fi'iiily distributeii ov-t tho leiiqlh of the Imiler; 

thinl, the steam sliould b« ■« collected and drawn off aa not 
injiu'ioailjr to aonaaMwto ito moTeaianta towtida dia ariftaa 
of tho ateannpipe, in rising the water. 

Fini, the advantaf^e ofeteaffi-room is proved by ordinary 

experienee, as, nu u>'*r-fiill Uiil«r, wlicii of caurse tlie 

steam-room is reduced, there is a much greater tendency to 

prime. Fattber, comparing the nenlta fioa tho Brimfley, 

and Nos. 42 and 127, G. B., with the same arraagtaMOt of 

steain-rooui, and with ordinary water, we have, 

(5.) No. 42. 30 leet of stMrn-rnom, 3'2 per c«nL priiaigg. 
(7. aad &) No. 127. 35 do. do. 6 to 14 do. do. 
(21.) Brindlor. 25 do. do. 2C do. do. 

Hera the ondenea goes to show that the smaUer the ateam* 
non the g m ler ia tbo priming. The genenl eiaailanao 
of tho laaalto Abb tha capMiena boikrt ot tht Orioa, Hili^ 
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And America, with fM 
■team-room. 

Second, the steftui-rouni must h« well amui^. Hero 
again tha firindl«j eoatruU uniavoiimUy with Mm. 43 and 
iSfT, ftir while in tlw fbnn«r the £nVn-«hdl nunopolitea 
t">('<>-lhira3 of the whole ateam-roorn. in llm latt«r it is little 
more than a half. It i« plain, tiuU tlt« limited tteaDt-room 
in &» barrel of the Brindley, only 6 inch deep, and from 
which moru tlian half the steam that is gwaanted mast ba 
dischai^id. Wilt tend materially to the dtstnitenee of the 
watei^sarfaoe and the priming of water. In the Orion and 
the Nile, the banal jiatda about two-iiiiids of the whole 
•team-Hmn, and the apnee ii II and It inchea deep. 

Third, as to iIil- position of tin- (.rlfic: (if tlu' 'ti .irn-pspe, 
it nhfiuM l>u such ad to ajiiaUz* so lir as pra*;lniiblo the 
nirreiii'i i>f steam from different parts of the water-snrface. 
It wrUkin^ oo^t not to be ov«r the inbas, unlea there 
he abmriuee of ateam-^nom, as il not only ineraMee the 
agit:itioii rjf thf writer iu tliiit quaiti-i-, rilrf\iily grc-:vtiT tli.i-i 
anywhere eUe, but it also dragu to it all the steam generated 
te the kwrel, which jbroia the greater part of the wbulu 
supply. As all this steam must find ita way through the 
junction of the barrel with the firebox-shell, a strong accumu- 
lated current sets in at that point, which drifts the water 
towarda the orifice, and maaiiiMtlj tcndi to aggravate the 
priming. Bnt, when the oriloe ia pikMiad over the band in 
:» i3:>mo at the middle ''f if ^ )*>ngth, or towards tho (rnvA, flic 
force of the current from ttio firebox through the junctiuu 
above noted, is much less than iu tho previous case, and 
though it inofeaBMi as it appioaiohii the dame, it collects in 
a much qnieter neighboubood, wd oniaBi leea diatuThancc. 
Cipiif^ral .:'Xi*riimce points so distim'tly to thin (vmrliijion 
that there ia periups but one modern type of engine, the 
Orewe engine (see plates) and Ua derivatiTsa, ia which 
the doino is placed over the firebox; and ovon in this Crewe 
«nginei^ thu aiugU dumu uvcr lUu tiruLon la bciug riijjloced 
in the later designs (August, 1852) by two smaller steam- 
«hambaia, one over the fiiebox and ooe over the middle of 
the Iwrrel, like the emaUer one slrown in aeetion in Plate 

XXII. From botli of tlir-?« tfic fit-Miii is n.ijdui-tnl ly 

Si inch brancii-pipe» to ilm regulator, and the steam U equally 
wiibdrswn from the two compartaunta of the boiler. This 
is a revival of the practice of two domes for increasing the 
steam-room and dividing the draught of steam, which was 
formerly much iu vogne. The roofs of tho chambers are 
jwobaUj too low, as they do not admit of mote than Id and 
20 inehet for the height of the MeMipipe orifioee abotv the 
water 1< vol. 

TliR hviffkt ot the orifice ol' the ateam-pipe above the 
wat<>r-.surface, is a matter of consequence, as the freeer it is 
from the atmoo^ere of epiay which Soata over tho water, 
the leea likely it it to reeoive priming. Hence, chiefly, the 
value of the high duiix'^ m li.e Onou and tho Nile, at the 
aommita of wfakh the ateam makee an wit, and their 
eSeten^ ia on tfn imw gnnmd enhwifed hj the position 
judiciously allotted to them. In one variety i^f the C. K. 
pas»enger-en£;ines, h.tving the dome and the orific« uf .sioam- 
pipe G 1 twer than in the ordinary boilem, shown in 

179, it ia foond necessary to work with • usually lower 
mtavJml topwvaDt priming,— in olhvinidi^ "they carry 
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Ir^s wnter." On the eootrary, enginea like the Nile iuvg 
been known to cany 6 inches more water than their mail 
complement, which would reduce their steam-room to dcstIt 
one-bati^ without aajthii^ like priming. For this 
nity they are indebtod to their high, eapuriou, and mil. 
|.!a«<l (Innip. Tt is likely also that soniotlnni: tU 
iujp<;rft.-ct of tLe Brindley is due to ita low ori£ce. 

By the um of Hawthorn's pUn, shown in am ^itosf 
tho Snake and the Chuaur, of eaiiTing th« ttaam-pipe ai; 
the length of tho hailer and pe r fe rati ng it with nammiu 
small holes or long'tinllnal allts on the iij>por side, i!i?'ii<,ir 
is dispeoaed with, as the steam on rising from the mtut 
entem flw Wbe diieetiy orar it, tnd tlmn pnrthJ enmHi 
are avoideJ, and with thorn tht- roiitin^ent toiidt'ii--y u 
primo. Tlii« ^il^u imt .•■iji'oesjfiilly available when lae 
stearu-sp3o<- in tho l>arrf1 h iinu'h l>-sf than II or ISiadm 
de«p^ as at leas depths the water is liaUs to junmoowr. It 
has been fbund to woilc waO in tho Chwt Britain ehiief 
I'liirinoc, tu ■,vlli^■h !t lias \mr. p<.r:r.anr'ijtly applied, in as 
1 1 inch steam space, with a total capacity of 54 cubic fMi 
in these engines SOO tu 300 feet of water may be ovaporaM 
per hour, as Mr. Gooch has frequently proved, withoat SBf 
sensible priming, being at the rate of 5} feet of watirpir 
hour per foot of steam-rDom. 

An efficacious mode of eeparating the water of fiiakf 
was several years upt applied in Fmnee by Mr. Bdmodik 
to tho celebrated " Victoriousc." Tho top of the sUam- 

I'ipo fig. 14,0, WHS piffChi 
w i r !i vertical slita,andliiiiA- 
ed with a cap close at Uf, 
and quite open below; i»4 
thf wliulu was .siirrnaiili-I 
by a pipe e, open at tof, 
but elMod iwad the idsB- 
I Of"' at thp bottom. Tit 
niLxLurc ai steam and wsiet 
outcrod the outer pip^, 
round the cap 6, siui <i*- 
eeended ; the Am of tb 
(icscrnt carried the •water t;) (he- l.ottom of tho outer pip*, 
from which it was eonducted by a small tube, while tbt 
steam parted from it ondoddt^gtheed|geof theetp^wbciMt 
it made its way into thesteam-pipe, as shown by arrowi. This 
method of turning to aeeount the inertia of the water, ope- 
rates, there is no doubt, very well, and it has been revived 
more lately under various modificatiom^ onto of width <* 
employed in the 0. B. Tank-toeoraotive (aee Phtse). h 

ii:ay bo vory ii5ofulIy appliiol in dimiOS which arc plao'. J o'*^ 
tliu tire-liujt, anJ in all casi'-^ where clean wator i» «Iil!iif 
to be had. 

Conduding JZnmA*^ Whether the dome and stsaafft- 

orifice be placed «TW the iirdwK or over the btml, tki* 

should be plenty of steam-room in the barrel. Dividing (bf 

diameter of barrel by the depth of steam-apaee gina '» 

» pvsffioattnUe, wo im, tat 

Ke.n. I 

N«a.«S.48^ 42 + 11 

No. 127, V> 4- 8-S 

OriuD, 45 T- U 

Unsdley, 41 -i- c 



r 3 






1 


J- 



'■ > u 



Digitized by GoogU 



nmmfisi or uxxmmns. 



159 



From this it \» pLuo that tha boilcrti U'ost given to 
prime nixiw ontiDwy <iM»ditioM^— Nm. 42, ift. Onon, If 
Ameries,— m Umm whloh Ibtw the grwrtait d«ptb of alwniH 
room relativo to the diaiueter of barrel ; in two of tlir-se, 
Nof. 42, 48, the dome 14 placed orer the firebox, and irvm 
dtt talibflf piaiacv H tffmn, kt «iMiiipK that 

No. 48, {(!.) „ 2 23 do. „ 307 „ 

Orioo. (18) ,. 122 do. „ 3 2 „ 

Kile, (17) M 2^ ^ „ 6-U „ 

It thu «])fi«u« that when the depth of ateam-apaea in the 

iinrrcl is at teajt oru'-fourth of its iJianu^ttr, the positioo of 
the dome does not materially affect the priming, when the 
nto «f miMinjitiaa is under S ibak par bot of steam-room 
per hour. There are indeed one or two eases with No. 127* 
having only iHd of the diameter for steam-room, whoie the 
priming is not aliove 6 per ctiit., witli a coiisuiiiiiliuii of 
^bttftK foot of sjMca per boor ; but in general, the priming 
it iDBeh gnatar, ■• it is ilwwitii IkeBfiadlef, wlnaii hw m 
space of liltlu aliovf Jill. 

Again, deducting, as an extra, the eapacity of the dome 

I H fidlaim:— 



Ho. 73. fireboi-ebel! 117 feet, UarreJ, 9 beC 

Nee. 4S, 48, do. 17^ ,. Aa. 19 „ 

No. 127, do. 1« „ do. IS „ 

Ori 11, do. la „ do. SO „ 

Nile. do. 1« do. 20 „ 

Briadiar* ^ 1*^ » dft .> 

Here, tli? tvoilers whifh prime Ic vst Jisvo at least as much 
steam-rot/in in thi; barrel a-i in tlie firebox shell, indepen- 
dently of the dome; md, it maybe eonoluded generally 
that, for aatiafaetoiy Mtion, the stemMpaiae of the firebox- 
■heU should he equal «« flat of Hu bmi, the eapacity of 
the (iou\c being eo'.isijiirt' J uij extra. 

As to the height of iLu urit]<.'e of steam-pipe above the 
water-awboe, it ought to have some relation to the diameter 
of barrsl, «^ in the best examples iisfon u, it ia nearly 
equal to the diameter ; otherwise, it atands three-feorths of 
a dianiatcr above tho barrtl. 

In fine, though there is 00 ozamplo in the table of the 
battw smnged boihra enponlinf men than tt bet of 
water per foot of stoaui-riK-m por hour, yet No. 127 has been 
found to c«u&utue i feet uf water, with but 5 to 6 per cent, 
of priming. Farther, the perforated steam-pips, iriUle it is 
OBrtninlf not aaperior to • w«U-4krn«gad dome sod plain 
pipe, bne heell bond to imlc wtthent priming in a steam- 
space one-fifth of the diameter of barrel, wi:li an evaporation 
of &i feet of watur. It may tlien with safety be concluded 
that, fnttiAaB As dapthef stsam-epsee hi the barrel is at 
least onf-foarth of th* dianit^ter; so'^nrji!, whr-n the steam- 
room iu tLo brebas-sLell in equal to tliakt iu the barrel ; 
third, when the steam is withdrawn through a plain pipe 
piaoed upon and above the banel, at an elevation of at least 
threfr-fbnrths of ile diameter, or through a pefAtatsd take 

the whole length of boiler ; an J, fourth, ic/icn Iks icaier it 
^ftam, an evaporation of 5 feet uf wiUer per foot of the total 
ateaoMmaa per heiff, may be effected withont saj priming 
«f Importaoce. These are the conditions moit eondndTe to 
effieiencj of evaporation; though they may he deviated 
from, singly or jointly, to some extent, when alower ratca 
of evnpocation, nndsr 8 bet per fcot of Btfim-ioom par boiu^ 



ftro contemplated. For exaaqile^ tlie dome may be plamd 
over the finim; or (he stotnF^pwe ni^ be leas (haaflwh 
fewth of the diameter of tlw barrel; and if mttoh lese, two 

{iotnoB and receiviiiL: orifices may be pLii-eil apart on the 
boiler. It may be added that, if good water is not to be 
had isr lbs aarvioe of the anginas, n oonpls of dames and 
reeeivins orififts shouM atways bp employed; and thst tho 
boiler ehoiibl be frequently clt^aued out or blown otl', and 
supplied with freeh water, and the worse the qualxtj of tbs 
water, the more bsqntntlj tiua shottld be done. 
BwamouTnnr^l. Priming ia the issns «f Hater fim 

the boiler, int'chaiiically inixuJ with and flSniad OfHT l|f ihs 
Steam, vrltiie the eagiiio i» aA worlc. 

2. Priming is caused by imporitlai in dw Mtlf 
rated, and bj dafloieBogr Of impnper noMigemMt of I 

room. 

3. " False water" is tho extra built of water in the boiler 
doe to • state of ebnllitioo, by the mixture of tlie steam 
Willi the wmer through wUek ft nsesnds. Palas «at«r 

varies from \ inch to 4 and 5 inches, as gauf^cJ at th? fins- 
box; it reduces the steam-room, properly m calicd, and 
thereby mcrsnsGS the tendenoj to prime. 

4b If tfas mter bo fonl, or mnddj, it is certain to prima, 
and no pmsUeal amonnt of stesaMmm can prevent its 

doing so. 

5. For the prevent of priming, the water most be eleon, 
and there sbenld bo n snAeiew^ of stsaas-Toem, vhieh 

sh«ulJ hi' freely diHtributt-il over the length of tho lioil?r, 
from wiiich the steam aboaid be drawn off so as not injuri- 
ously to eoneiatiBlfl its nsTamants (swards the oiiltoe of 
the stesaa^pips. 

. 6. Theae demands we mat tn praotiee, first, by allotting 

an average depth of steani-^fpace in the ban-el, eijual to ont- 
fourtb of its diuueUr ; s^coud, by so arrauging the boiler 
that the steam-space in the firobox-shell should be equal to 
that in the barrel ; third, by withdrawing the steam tiuaqgh 
a plain pipe of which the entrance is placed over tlio barrel, 
at an elevation above the erown, of at jex't tbree-fourths of 
the diameter, or through Hawthorn's perforated tobe pbwed 
the vholo bngth of tira hnlar; bnrlh, bjr fraqneatly dsan- 
ing out or blowing off the \.<,\\vt. 

7. Under these cociJitioas, aa evaporjitiou of as much as 
5 cubic feet of water per cubic foot of steam-spaes per how, 
may be effected withont taj primiqg of iapoclnnas, 

8. Though those ooniBtiods «i» the meet osndneiTS to 
free uvuporatioii, tliRv may be deviated from to some extent, 
singly or jointly, without impairing the ptoduetioo of steam, 
wlMn dower isles of OTapawt'ion, wder t bet par bet of 
steam-r<M-)m p<cr hour, are practised. 

9. Edwards' sepataliug pipes, and others on the same 
prineipk^ br disengaging tlw rtcara from tlw {mmi^g 
which magr Mrtsr with il^ bjr giviqg ths current soddn 
di&nges of dinetlon, srs ttsebl for prewiting priming. 

10. It is estimati-'J from exporiineiita, that with ordinary 
admissioD-preasurss, of 60 lbs. and lass, ths loss of steam 
by condensation in wpsssd cylindeia, mmmnwlj ontsidsi 
averages from 11 per eant. of the whole eonsnmptiao, in full 
gear, to SO and 40 per cent, in mid gear. For 90 Iba. pres- 
sures and upwards, the leases for 60 psr snL of 1 
and upwards an eouidacably leas. 

V 
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OHAFTEB VL 

OP THi ivAPoumi rowxB o? Ioo^MOTIVB-■o^Jn3. 

Tmomu ib» timihpmii^ fimwoi »h(»im it ttfA^ 
gMndly ttt MmvBt «f gntt^mtm, aA x mi , ad 

ItMting turfttM, it i« plain that Um sltionU limit of pow»r 
b dtflned b/ th« gr««t«tt rat* of combustion which it is 
practicable to enforce by the uie nf the bast. The cvapii'n! - 
iag power ia commonly lefemd to tlis beaiiisg siu iace oi a 
boiler, but it la regulated quite ae much by tho grate-area, 
and ihii ii at laiat tha nort nataial datam for aompariwn. 
Tbt pndwkioB of alian, it ia tna, baa ban abowa hf Mr. 
Gooch to hare wnne relation to the firebos-snrlace, bat this 
is probably beeanae, by the similarity of firebous to on* 
iv>rw3l (onu. tiicir liL'^tin^ floiftaa baanaiuailf ( 
ratio to tho arva aS grate. 

t ofMr.D. GooeA, 1S45.*— Theaa ez[ 
bmnMtina tf wj laiiaaa prafoMiaBi, 
aJJaaaJ to dwirthat tbs efapaimtiTa poirtr of tba USUk 

intimately JppenJoJ u\mu tha nxt'jrit af fircbox-.surf.i.'o. Tlic 
i<>Uowing table couipriaea a selection of cases referred to by 
Mid Qaaik 
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Herf it apji^ar^ that tliD ol'scivod (!V.i|M-ir;i(iij;i follosvs 
nearly th-3 rate uf 2 f«ct pur {ml of tirflwx per hour, ascord- 
ni.- trj thi- last column ; and, wli:it .-ippaars to show its indc- 
peodencv of th* tabe-wurlMe, thia rata ia fbUiMr«4 aodar 
sxtnina (MpOTtbiw of taba aad ftabax. Tboih in iba 
iiian ani dba White Haiaik vilb tiA»«urfMMi laapaetlwly 
7) and IS' tfinaa (ha flnbos-mrftee^ tlie evaporation* an 

2'1 ir.il 1-94 fcf't ref fi*i'tinly pi r foot of Un l.oi, which arc 

neariy tho same ; per foot of grate, they are 15 awl 10*38 
fMt, whiah an wf iSgmaL la Ihia mm, tha flna^nj 



of tha txTiNi la mneb mofa lAanl (baa thai of the Wlii« 

H'lrsff, ar.il the Miribiislioii in thu fi>rniei- niiMr thcrefurt Ij 
euily uiade to «xccf<l tint of iIjh latter, pfr f»4 »{ gm^ 
independently of the flral)«>s>*arfaoe. A wider rta|i i( 
aamplia wQl aiatit tu in diacmaing iJta aigumeot. 

Plw lfarf aiy D i ' iwiii i an tttli^lumiei rfti» Ut^ n i m t 
cf tkt wa«r intniueti into A* BoiUr. — ^Th* estimva tt 
eraporattre power tuaally auame an initial tenipcnton t! 
C2 ' f:o!u wh;ch the witer ia lioaloJ aiiJ con verted iatt 
nmm. It i* oecaaionalty employed at much higha t«D- 
peratare«, and il isteimblotoi' 
af tampaiatoia an iha aatimate. 

Finl^ aa «a (ha fijilamce of a eAan^* of tew/ mate s w 
lb* performance of coke, reckoned io pounds of water 
pound of fuel. It Li clear that the hotter the water delirinl 
to the boiler, tho goiter ia the ivi.i:;':it whiflh a poosd M 
fad «•& evaporate, and the greater is the avaih'jie nu i( 
loo. Not that the erajMrative ponir uf iLi; fwl ii 
fiw ,it Birttaia nal (a Iha latal afafon^o pu 
pavod of tha whola fad. at what tampmtnia th* water cu; 

be pampl:^1 intn thf Ijuil'T, wlu^i tin- water r.f the tiiidit :• 
indebti»il fjr its extra litat to ttuiui hlo.vu biJt f'^.ii la 
boiliT. Ii ij ..uly iti ci<i'3 whiTo the \Tat«r is lieattd bv 
other meoos, that an allowance is to b« mad* ia th* sbMnMl 
cooaamptmn of aralar par pennd of ItaiL 

LitT «atha total heat of sttwn of a giten presMU*. 
( " the tonpcratim of the wster io tne tendor. 

W — tKo ii).::i.iirod weight of water c a|>jrati;ii froa ttt tr;- 
].. : uiLru /, by into |HKind o{ liu-l. 
— the eqaiTiJaM wtigblef walw which wimiU be ertnmltd 

iHB«r,br*ii|a^«rM. 

Then < — G2 = th« extra heat of the water; and T- 
(< — 6S) = the reduced total beat required for erspintiit 
from toiiiporatore r. The weight of water evajHirsLlf :> i 
62' by the aam* w*ig<i( of toal, niaat ba l«ai Utao that viiidi 
can be conaattad from I*, hi tha tatia tiT to T— (t—O); 
thatiit 



A? tho total licit of steam varl- a liiil slightly with ti> 
preasom, the heat for the ordinary preasua of 100 U*.i « 
1217*, «ill ba ailaalad, and anhatitntad bi tha abaaa fendii 
thua^ 

w*Wy "i7-» + <c: -xy^ 127»-f. 
" " " ■ vii'r - " X 

If 100 be suli«titukil f r \V, the formnhk wiU exjuessiU 
valoaaf waa the f r.-,;,:^-v of mtarat 61*, awfuillHtlT 
tha aHna wi%bt of fuel, and 



• _ lOO X 



Watfcing aot (ha fandli liir tiapiiiilure* up to sir > 
a aolimm of TaUa UZX. CDnlafaw (ba eqairalent piMil' 
ages of \vatcr cvaj.oraMo fiuiii fj2*, in terms 'jf theWlf^ 
eraporatt-tl tiuiu Ihc tiuispunture in the IkI cuIuiiib. 

Second, a* to the dkMpt of fJunu »f water bg Impvf*- 
water aspanda aa tha lanpantara rises, thoogh in aa**- 
wbal in^pdar latia. Fnn (ba aidbaijr (abba tf *» 
ag^paorian of mtsr by beat, w* have, by an eimy pnem 
invMa^ tha aoataato of the ^ eolomi^ XabU uu^*^ 
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are the percentages of woii:lit <5f equal Tolumc; of water at | 
the tflniperaturM in col. 1, iu terms of llic wt i jlil M G2'. 

To find Um equivalent t»luma of water evaporable from 
tft in tmni of UmtoIobim wt (ho Unpcntare*, col. I, the 
«oalOBli«f ooL S awt bo increased in tin ntio io wfaieh 
thooo of col. S Ml; or, each quantity hi cel. t ahoald be 

muhlplici by inO, ami (lividcJ by tbi> relative number in 
col. 3 ; the results so obtained are entered in col. 4. 

ctai^ M. snZf-OT «D imiiaiinDir or WAitB u 
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MoiB.-^y eeL a, it npaan lliat Ae aviifalat miilNt U 1 |i«r 
•HI. ftr owy MO « MMIpnlmi 



TaU'' "/ L'j-prrimenttonHnUtnf Er ip<,ri,Sl?n.- TbcTaVIe 
No. Lxxxi., page 15C, contain^i tlie ivsi:lts ib rivc l fmm va- 
rious soiircee, showing the p<rf'irni.-3nor nf lii.->ii)otivivb<iil(»r» 
of the earliait and the latest constriMtioD, and of widelv- 
JilhlHt pmpwiioaa. EzperioMOta Naa. 1 to 6 an dcrired 
fnai • |w«idoiia tabH |iago 7, aad an aoMiiilit tin oMiioit 
oorMpwflHnaneM or engines. Obo.B&nportodhyllr.N. 
Wooil, in liis wurk nn rnil» -.y^, I \* iiis^Ttrd m anoiaaipto 
<>f what biiiLTs iin the plan of ihi? Nnvciliy's, pa:,-« 6, with a 
r>itii;le wiiulini:; flue, and vrorktil by .•» fan-bla.it, are caj^able of 
doing. Obo. 7, 8, 9. an derived fram Pambonr's work ; and 
Obo.l0.11.1S.fiwBpri*atoMiamo. Oto. 1» is fiwn tho 
Bepoii of the British Assoeialkrti, IMl; and (Mn. 14i, 15, 
from the Trantactions of the Inotitution of Oivil Engineers. 
< »i <. n; i» fr.im tbvreportof theGaugeComniiK^ii iK'n<, 1'S(6; 
Obis. 17-20 are from the same eouree, being Kum- nf the re- 
■dlaof tko^GnageExpcrimentsi.*' Thi; total consumptions of 
vnta^por koair, col. M, liavo bwa, by means of Table lxxx., 
reduced lor a twnpe wtu n of W fnm the (|oantitie« origi- 

in^jrob»crred, of nliich the tcnipcratiirps in tlie ten Jcr wtr-.' 
mneh higher; tlii? oporatiou was uccv^sary to fliow tbt' 
fquivaknt rate of pva]-': ration with ordinary coll wat^r. 
Ohs. 21 to 29 arc TOninuinicati>d by Mr. D. Qooeh ; and 
Ob*. 90 bjr Mr. J. V. Ciixx'h. Obs. 31 ia deduced from the 
19th experiment bjr Mr. Pcaooek, Table ulti, aa kXimmsi— 
S.IOO {gallons, or 44W fcet of water wen eonsiuned betweia 
Mancbeetpr and D.inforJ, a diftanr-fl i.f 21 1 niilff, an an 
average gradient of about 1 in liO in 103 minutes, at a 



speed of 12'S miles per hoar, and at the rale of 233 feci per 
hour. The whole consumption of coke in the double trip 
was 41 cwt. orer 40} miles each way ; and, as the railway 
ascends bvm the two termini towards the snmmit at about 
half-way, the aoBaaaq^oa of eoko takia plaaa alaunt eatirol/ 
daring the lilt half of endi trip, and rinmld bo to tha tm 
directions aa tlii> ri Dpei'tive dump wei^ihts of IhotniB^or 
a* 34 wik;;g(>ns fri^m Manchester to 22 wan;gona from Shel^ 
6eld, plus the engine and tender in bath cases. Taking the 
gtoas weight of the waggona, which were beavy-loodMi, at 
7 tOBB eaeb, and that of the engine and tendaratiOtoaat 
and dividing tho eeke is tha Mtio of tho afautp iMi|^ of 
the tnins, we hare 25f ewt. eennroed in llo aaetnt lireai 
M iiirhi.itiT, over 21} mil. s, . jua! to 133 pound* per mile, 
and cv,-»piiratiuj; 8'7S pounds of water per pound of coke. 
For Obs. 32 to 61, the author is responsible, with the exoep- 
tioo of the noalte of foor trip with No. 51, 0* B., eon* 
mnaioaled hj Mr. Stndatr. b Oha. M aad SS, tfat water 
of the tender was at aboot 110* at atarting; and af tho 
obeenred ntt of eraporation of IS8 and 123 feet per lionr 
I ri'spectirely, only 95 prr cent, should, by T il 1- xxx.. Iw 
accepted, for water at 62"; or 122 and 117 fc«t, as entered 
in column 18.* 

The eontente of (he Table um. fnl^ iUuitiate (he sn* 
flaenee of the fbrm and proportions of boilen en the nte of 
eraporatifin per Iiour aud per pound of fuel, and the worth 
of extended licatin;; Burfaoe for increasing the evaporative 
cfficit-ncy of tbi' fui 1. 

Of tin Geatral Infiatnot of tkt Heating Smifaet tut tk* 
rcU ^ naporatiim per found «f fud, — ^To begin at tlio 
begiaaiagi tho Killii^pMirth mfmt, Oha. 1 and 2, shows » 
decided nienaso Iraoi M to 4*8 ponndi of water per pound 
of coal by an imnasoof surfaco fmm 0 to 114' tim<>3 the 
grate, even while the rate of evajmration per foot of grate is 
much higher. Again, in Obs. 3 and 4, with surfaces of 23 
and 55 timee the gnte, the eraporation ie niiad from 6 '8 
(oMSpoondi. h Obo. r, 8, 9. udir tho aaBM dnam- 
•taaecs, Pambonr found that 

with ntrfaee*. 2711. 42 3. aod 49 tioM* Ibo grate, 
tha etapofaliaiia were, f37, S'ftl. and 0 A WHUids, 

aadweeselssk IBO^ -lOS, aad lOleet mt lioar |ier 

foot of total surfsee; 

j ehowhig that, orco sdtik tho rapidity of onpacatioB par 
foot of awfliao tns gnatar, tho sfldsasr sf Hw fail waa 
raised hy an Imnaoe of oarCloe to 49 times the grate. Nor 
liad tha firehox-snrfaee to do with this increase of duty, for 
tho most cffiL-icut bi.i'l-r hai tin- ^iiuilli-ft box-surfsce both 
ab««1at«ly and with rcspCHit to tlm grate. Bury, alao, fband 
his gtxidt-eBgiaai, with a surface 60 timia tha grata, tm^ 
poratsdaNnparpeawl of oohs^ than tho paawgei n^glasa 
with a sBi&osof sal/ M times^ in the ntioof M to *-17 
pounds. 

• Tlia aulliur Otrline* itinkin:: ii-u* of mnnv nf the later publiBtH^l 
rT[-.-Tiiiii'Tit:i nn tfh^ J- 'r lMrri-iai\-x- >..t" lio niMtjVL'-b.ii[rt-i, and miA Ilia 
iirKumonts pmicipaily oi> ihi? facn lilwrvcd and cnliri'lcil by hiiDMlf. 
lie hu sdopteil tbn eoorto from nocenitr, as tho accounts are, manr 
of tliein, so ineoDsislent as to be unwu'rthjr of caafiilcncc. As an 
exaniiile, bo msjr nefor to llie Memmt of exiwriincflK with Hawthorn's 
ex|in!>4 vnjrino on the North Itrittih Railmf, |>uliliiibi?(l in ilia lut 
edition of Trnl^oM (lB50h in wliieh it is slated tbat S040 gaUon* 
nf wmli-r wu cvnporntcd l>r l<'2.'S pounds sf sska. or at die (Saael 
lUJ IHiiuikiiof water per pound of ciike! "ThO ISWlH." SS aiS KiM. 
U "ttuj ber«iigdupoaaaeo(Teeb"ll 
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TABU^ Na. LXXJO-or DAtk KKLATIVK TO THB KVATOIUnVB rOWB8« OT liQCOHcmVX-lKUUUaL litt 




To outiiij 10 mnr* niodfrn iiM(anc«», the gaiige-expcri- 
niLiits, Oba. 17-20, »haw th«t » toUl aurfaec utill gruatcr 
tliaa SO timea Ui« gret« M bneficaL OmiUiRg Ota. 19, ■• 
tlw«iisfa*vyMj|»in«dftpia4^tnfttdtlatbr-- [| U i« yUa that tli» 



Obi. 17. 20. IS 
widi Wtm; surf«c«t, 62, Mi, M lima gruttf. 
and lioiiHv eootuaip<i<Hi< of 15, 1412, 17 ftst piT tool of gntr. 
itwmMrHcdtrw 7, «iWi, tt-S Rm. ;« rsnBd at «i» 
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avenging 90 tiBN ttie grkU, with ft nNli WirljreeDiamp- 
tioD per foot of in exoen of that in Ohs. 17, are niueli 
more clBcioot at high n(« of vraporatioa, Hnni tli& surt'aou 
in Obs. 17, which is but 58 timM th« gnte. In th«M 
npariiMnta Um b«at wA» wm majlajtii ud though th« 
Walali aok* mad in Olw. 17* «M wAw tlun Um north 
«atf7 «to mri in Ik* tnkm, plqFiiMl 4iff«mM 
•flectwf rmther tin diMDtter of th* Uiit^wtfiw ttiaa th* 

evaporative eSicii'iicv. 

Obwiv-alioos «are m^da on Uie locutuotivo &Ui«k 

of tha Omt Wastern Railway, of rtry rariout proporlioaa, 
all in Um eaum of t^gdar toaflio. In Obtk 81-^7 the 
haatiaf aufima ut aMad Ib tha tdUa aa aaBmiiiiiaUal 
Ij Ur. Qaoeh, aid w« oiMUurcd from the aKlariar; the 
aUuit an from the interior. Omitting meantiiaa Uie ease 
of the Hciiprru?, as exempt ifinnl, tlic ixiiler having txien 
fitted wiUi liiiwllitjj'a'& r«tani-tul>«i, it it ahowu hy Oh*. 
SI -27, in which the hoorly oonsDmption doea not materially 
nrj Cram 10 lo 11 CMi pwllMiof gnttOi Um* Uw iioease 
of tottl aarbea fiwn 41 to 78 timia ^ giM«i taiata the 
fflicii-ncjr of the soke from C'87 to 8*28 pounda of water. 
In Obe. S9, 30< with interior aurfacM of 84 and 73 timea 
tha grate, tlae wnlcr used por poun-l ni c>ik«i wa.* 7'67 and 
7*18 pounda, evenwhilo in the aecond c.-lsc tlji> rat« per foot 
tt IpMte waa much the lower. On a&u'.!u-r ooraaion, the 
aana daaa of enginaa mad in Oha. 29. waa found. Oba. S8, 
to laa 8-S8 poanda of vntar. Upon the whole, H ti &irly 
dedacible from those remarks, founded on aboni 200 dUtuKt 
tripa with 27 enginea on the Great Western Eatlwa^, ili^t 
an iiKTtas.. of licalii)^- surface from 40 to 84tim«« the grate- 
area, with a rate of evaporation of aboat 11 f(Mt per ilOfir 
pat Ihat af grate, waa attended with a anhalantial tnarow* 
af thaafaporalin tSmmcf of ook«, repreaentad lynriaa 
from abool 6t to 6f pomub of water per pound of ooko, a 

difltTi'inrc of 1 J pDiniJs. 

OU. '^l suA oi cuuJirm the utility of eztenaive «ui£&c«4, 
aa they both ahow a high efficiency, notwithstanding that, 
in Oba. 32, tbo evaporation NMha* Um onpfwodanlod nto 
af ttCMtparkonrperlbotof fNla. Nor b It Ulaly Uut 
any aatarial pact of Una aonaanption is due to priming, 
aa Um tnun waa ohaertad to be unusually heavy ; beaides, 

the ateam-doDie il placr'd in tlic inest fa-r .uraiilu pjosition, 
close behind the chiuiut.-^ , ami, uiur«NiTer, tbe water tuetl par 
poand <tf eoke, 8-76 lbs., is at least not above what might 
be aipaetad finn Uw vai; laiga anonnl of haatini; antCMM, 
In Um aueeaadin; ohaecvatwM^ Noa. aada hj tha 
author, ha haa in aQ caaea reduced the allowance of ooal 
served out to the engine, usnally a small fraction of the 
whole fut'l, ii'.lij t:i< iijuiv.ilr'iit value of c'lVt:, bv adopting' 
iwo-thirda t>f ila weigiil, Uiu pruix« ttou assigned in a pre- 
viooa chapter, and alumping the whole together ; except in 
Oba.fi9andOS,whareoi»lalnnat«ntiiBljrinaBaod. Ooon- 
paring tha HMana of Oha, SMC, and Oha. 4S-45, nwda 

with goods Miduvs, C K.. we see tliat 

wilh heatlnic lurface*. 83 and 71 timea the fptte, 
antlmMra«voiaiioBa«r Mawd1tt« ftttpwintifpnliw 
ihMiaeiaMnaMMdHlTand OHttKHtepvpolSSidw. 



Showing aa Mora l&at aa axtamiaii of auilboa to avw aa 
nndi aa 83 timea the grate ia of ararible bmeSt. The 
CL lb paaaen^er-engines, in Noa. 4^-63, with a aorfice 



about Mtimia (ho gnria^ and n maan homly rata of 8 feat 

of wafer pT fiol of trrate, evaporate 9 13 pounds pt r pound 
«( coke i thus, at nearly the tame Ituuily rate per fobt of 
grate, and with a 4m aurfaee-ratio, these enginea evaporate 
mar* water per pound of fuel than tho fooda^ginaa on tho 
same line and with the aam« Und ti tiHu. TUa aapariar 
reaull ia due partly to tha aapaiior ■MagOBOIt of tha iw> 
mer engine* : — the judidont ma of tho damper (wHh vliioh 
the fj'oo^l.vcii;;!!;^ an- iioi supplied, nor even with an ash- 
pan), and tl>i:< evs;i,-m of low firing oaualiy practised; but 
moatly, Irtlieve, to the amaller cleannea and greater 
number ofdMtoboo of tho gooda-an^noa^ (SaoTaUaumr.. 
pago Tha a««Dan J af low Ari k, homm, abona 
to be consideralilo by a eooipariion of tho meaaa of Oba, 401, 
51, 52, with fun fireo, and Obs. 47-50, and M, wiUi tor 
fires ; for we find that 

with tbo fin fuU, aod tmu workail. 
and bcurlj eraporatioiu of 8 2 and 8*0 foot per fiMt of grate, 

tiien were cotuHmcd O il tui 03S Iba. water fa pound of eoko. 

FinaOj, «r tha piiawigiii an^ia^ ana. 0. B«, Na. 39. hw 
nior* anrliMo than tho othon, in the ratio of 71 to 694t 
and it is !n virtue of this exeesB, no doubt, that that at^pno 

evaporatci lO -l-T n>9. per pound of coke (Oba. 47)» nhillh 
is niort.' tiiaii uuy of the otherii can ahow. 

Till! result? on tho Edinburgh and GiaipvSallMiy,Oha» 
50-57, ahow H baiina that with jodiciow m i ni g imM t , n 
favomnbk orapontien ou^ ho obtained per ponnd af ooka^ 
— in this case 8-C6 lbs., — at a moderate rate of ooaanaip- 
tion, a mean of 7 feet per hoor per foot of grate, even with 
a UKjati licatiug-surfirfl ratio a» low its 5t tjincs thi' f;r.»to. 
tor «Oiue rtt*«<)ii i;ut very obvious, the Urindley, Obs. 58, 
though it haa a onrniru'ratiaofSD times the grate, does iwt 
nioo above 835 lb*, of water per pewd of eokow fmmag 
to the Orion and Qnean, O. S. W. B., with 49 and W 

lirni'i! llic lii'a'.^iii,' surfai-v, tlio water raided is su^-L-tssivfly 
G 92 and "'2 lis. piT pound of cokf, for nearly K\u;d rotes 
of <"<>n^<uni)it:on p^r foot of i,Tar,i'. 

The rateof evaporation per hour per footof grate is found 
alao to aflaet the poundage of water per pound of coke: the 
greater the former, the leaa ia tha latter, Thm^ in tha 
C. R. engines, Uking a mean of Oba. dINil. and and 
conipariiiL' thcsn w.i), Ohn. r>% having all n hnathig anrihua 

of about <jii iiMifi the i;raii', mi» have 

foe cenuimptiaBi of 7 4 an I 1 1 0 dri per Itnor psr foot, 
asafOMMo* ot wut S-8 pouida par fMud of cokok 

showing a d*er*ai« per pound of oeh* ae the eeninmptlon 

per hour li l!ii ri';i>i'd almvi' 7 f' el pi'r f -::! of [;rstf. 

To .^nni up tliu gtsiu'ial arguineut, the rate of evaporation 
|i<''r p'innd of fuel is materially influcnecd both by the extent 
of beating aurfaw, and by the rato of oooannption per ho«r. 
The giealer tha haattag aarfcea and tha laa iha mto af 
conmmptien par hour, the greater within etttain Ihnlto b 
the poundage of water evaporated. And. therefore, tho 
f;iiriti-r tlu' nitrt of f viiponii i in conlcniplati'd per foot of 
gruu!, the gn^ter also aliould be tii« lic-aUug iusSitmii, to 
aecure an equally economical use of the fuel. 

Furtbor, with refiranfle to the nora nMdeni naolta, Obe, 
17-6S, we obiam eoniMeiaUe dileimeea ofcn hi the ana 
circinii'-^incps as to proport'oTi of aarfacea and evaporation, 
which point to other causea aflfectisg tho eeeoomy of the 
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IioITt. wi- li !:cr(>. out of ilie proxImHj" of the tobot 

to eact> other, onU tka ileptk of the whole pile of the tab«e, 
or n amber of wmn, OoiapBriDg the 0. R. goocb-engiuca 
tritk tba jtmngiMngam, m •ImoM onibmljr fad the 
fbnner tefcrior to dio lattor in eeoiMMiij of ovaponrtkro, at 
the same ratpa pi r fnat ^if ^rrate, nntwithstanding the mnch 
greater surface of the gutxis-engines. Though thi» inferi- 
ority is doe partly to eureunutaaeea already explained, it is 
doiri>tIeM due also to the emaller clearance between the tubes 
of tbe goods-engines, bein^ only i and i inch, while that 
of the psMenj^er-engines is i and fj- inch, and gives freer 
Mope fsr tbe oireoUtion of w»ter and tho diMogigeineDt of 



Cain;aring, sjain, the rr«ii!t<i from the O. W. R. engines 
of the Great liriiaiii and Courier elats, Obs. 28, 29, SO. 
with those from the 0. and E. Ss O. B. engines, Obs. 
46^. the former «rt inferior in •eanomie rrapontioo to the 
latter, though they hare a greater relatire heating snrfitee. 
As tli« Welsh coke usc-tl nn tin- (irf.-it WcFtcni K.iilway, 
has been found at least e^ual in quality to that employed 
In tlio North af Bngfand and in Seotland,* tbt InlSntor 

nnlts of tlic O. \V. R. boiler", .irr, wo believe, cau«t.>il b_v 
thn mucli greater muss of tubes brought together iu the 
, haing 305 in nun)b«r, or more than twice as 
' w an in bhm of tha other boilers : and tliongh their 
nnmher ia mneh greater, they are only i inak dear, while 
in the other lioilt rs tho cleai am?!- is from f tol indi; neither 
is there any greater free space for water botwoeo the tubc^ 
and tho iMiw of tho boiler, thoo^ froB the larger diameter 
of barrel, there are 17 rows of tabes, and SS tubes in the 
longest rows, whereas in the C. R. pa^scnger-eugines, there 
arc only 12 rows, and IG lubes iu the longest row. The 
number and distribntioo of the tabea in the barrel ia shown 
in Sg. 181 fiw dilBmnt boiler*, fromwhiah it ia plain that, 




with tho laigar nan of tobea, the bdUtlaa far tho tfreula- 

tion of water and tho removal of the steam are If-- iu the 
Great Britain than iu tho other boilers; and ii uuglit to 
follow, from the greater eutauglenieul of the steam among 
the tubes, tha(« aa we find in fact, the eTapomtive effieiency 
of the heating anrlaao of tho Oiaal Britam, aMannd by 
•economy of onpantian, ia inbrioc to that of th* other 



It Is further to be noted, as a eircnmstanee in favour of 
the Great Britain, that, by Table lxt., the sectional area of 
flae-way through the tubes is much greater in proportion to 
tilt' urea of grate, than in most of the other engines, and 
that thersfbre the smoke will by so mnch pasa leas rapidly 
duongh thorn, and remain to oantaet. Wo have 

thprpfnre llir niori- rnnfjilcnce in atlritnuini; the inferiority 
ut the larger boiler to tlic wain of liiaraaco among the tubes. 



* Scveil on LiKvou4iva, vol. i., 18o2. 



These results show that the cleAranoe botween ths tcWi 
should have some proportion to tbe total number of tsbw 
employed. It may be added that norne maker?, amonga 
whom we may inataooe the ilawthorna, Kitjon & Ga., tri 
Mr. PalOB (E. ft O. B.), appear fiom tfiotr pnaeliss is 
be atare of the necessity of a greater elearanre than ii 
usually admitted, as thev allow from i to 1 inch in tluir 



Confining oor attan t i o B, l«r tho pvamt, to the cam 
which yield the' moat eranomleal erspomtion, by which wt 

moan an evaporati' H of aliout [) of water per poiuiiof 
coke, it appears that, in the Orion, the Siriiia, and tbi 
Pallaa. B. ft O. B., iridi • nean hoating mifiM* of ahal 
,50 time<i the grate, a mean of 8 9 lbs. of watnr It OfaponiAl 
per pound of coke, at a rate of about 6 feet par hour pet 
foot of grate. Again in the 0. R. pas.<:>-ii;;ri- pngiiMa,lAa 
jndieionBly worked, as in Oba. 48-^0, nod 53^ «ilb a m- 
bee of 86 timee the grate, we hare • pooBdage of esifr 
equal to 9-1 lb'., at a nii-an rato of S fpct per foot of ;;nte. 
The Snake, Oba. 31, with a aurface 72 times the ffist, 
and an houily ooaaonptiea af lt-S6, or, It iMt pr 
foot of grate, evaporated 8 9 ponnd«. La<tljv Ao^phjll^ 
01<s. 32, with a sarfaco of 90 times, and au hoarijaoiNBBip 
tion of 22- 1 feet pr foot, evaporated 8' 75 Il>s. Indssd,si 
the eatimated ««ke need ineladea what was burnt off in 
deseent of tho ineline toward Sheffield, tboagh a very mill 
quantity, whili- t!«! stat' fl wad r was exclusively what m 
used during tlie ascent from Manchester, the coke in a:: 
have ofapofBlod • little mora than «• hnve giren it en>Ji: 
for, or, aa a nmnd namber, 9 lbs. per pound of coke. A*- 
sociatingwith this engine, tho K and Hercules, Obs. 18,29, 
the total means of the three show that with a surface of 90 
times, and an hourly conaamption of 17 8, or, aaj 18 bA 
per bot of grate, 8^ ponnds per pound of eohs w 
evaporated. In al! tlicff ea.«i-!), tlie li'atitir surfa'-e li> 
been very fairly proportioned to tho ovaporation, aa, in all 
of them, OS n)uch as 9 Iba. of mtar has been eraporatsd f«r 
pound of coke. In these eases, also, lbs number of tiht 
ranges between 125 and 158, disposed in from 10 to I! 
rows, with from iflr to 1 inch clearance ; except tbe Snaif 
which has 181 tubes, in 13 rows, with i inch eissraate. 
With raiaraiee, then, to boilefs whieh range withia thw 
limits, or are under equally favourable conJItionJ, som? 
useful rules may be deduced from tbe results just referreii 
to. and wfaich are aaaamhied to the loUowiqg 

tuMUB, Ko^ izmu-or uxum maam mimcm*>^ 
KATEa or coN8viirno». 
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The table shows that the 
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of grate, eol 3. mtj be iMnmi h s mmit g i flw ' ntio 

per foot of grate, con>istfiit with ctMrjomical evaporation, 
tban the hM^ng aarfMe, cul. 2 ; for. whona? in tlis fourth 
granp, tbo rarfaee U not double that cf ilie firit, the con- 
•onptun per toot of gnte i« tbrao thai of the other ; 
Iniitl dM Miff hwiniMM vittually >s tka i^nan of the 
ibnn«r, m wuf at once be ehown by tkimiiq; tha aontMits 
«{ ooL S ii«o » aorvo, fig. J Si, o£ nkkh Hm ImmJim 4 b 




M ftt aV9W K4Tm «r KcnHOtf JCAL CiMsuiiTtirMr or Wat I1 1 



mtiasttrtfl tlio raliMi vf li«aeiDg «urfa«o, eol. H, mil off nt 
points 52, 66, 72, miJ 90 graduations from a ; Terticsla 
UiBg dntwn fnm (luw pointe t^ml Iqr vwtkai Male 
0 to tlw MspMtifa MBCntb if «i.9, and tamiiiatod by 
stars, the mean curve traced eloaely through these starsi, 
has the rertic^Js Tarying as the squares of the aurface-ratios 
in the baao-lino. At ii, or HI) iii tlio liaii'-l;i:e. the curre 
•tartt naetly from the IS feet atari and from this a for- 
nix AMBd fiv «Im iMt da* to aaj aUnr iarfacc- 



^ P^meUud JMw ami TihlmM Ot P rtpvrtkm «^£oco- 

mclirt^DoiL-r/. — Ltt / iha ttfi ri'i^nir«J for any otlier 
ratio, r ; tbeii, a« liie feet vary as the aquare of the ntio, 

w/"^^- i-aai, bf ariirii^/«*'Mlt«% 

As r is equal to the heating surface divided by the grate- 
area, which nay ba symbolised by A and ^ respectively, 

tta ' " ^ • aBil xulMiitnting ia liia abare eiiistioii. 

/-D0!»2(Ay (1.) 

The quantities in tli« 4th column of the foregoing table 
aru- ohvioualy deJiii-jl'le from the eontciits uf t-'ol. 'i by 
dividing these by the respective surljM^e-ralios in ool. 2; 
and it ia remarkable that the cflSeiency per square foot of 
total aariaaik aa ihomi in aal. 4^ «aiiaialiot with aeanamical 
•Tapamtinn, ^mrmum as tbe niatiw Iwitiii; anrfua, aol. 2, 

increases ; in other worJs, the more heatlii^' surface that is 
given to a builor with the eamu cratt-urL-a, tlio gr>'aii:r is 
tl\<i ofoiioinical I'vajiorutivc (i'jw(;r per fool ff siirt'.icp. In 
fact, by tlic Lilil«, when tbe aurfaee is but times the 
f;rBt0, eacli si^uw foot can evaporate but '12 feet of water 
par hoar with aaDiMBijr, bat vliaa tiw aar&oa ia inaaaased 
to M tnnaa tha giMa, aaek fitot af auiAea aiay aaaneimeally 
eraponte '20 ffMit Imitr, 

Till' formula (1.) aUose fttund uiaj bo ui4Kliiiu-il tu ua:'. 
tlip coiitvnEa of eol. 4. Let /" — the economical consump- 
tion per hoar per footot haatiiig; aurfiMa, tgr a gi*aas«r&ce- 
tatia^r. Sfw, li abarc alatodit 



f — L , snd, tkerefow/'r -= /. 

Sobatituting tbia value of /in the e«]nation / = -00222 r*. 
we have 

/V — iKmj r", and. Javiding bj c/' — -OOiSatW 



Subetitnting ^- for r In thta eqnatioiB, we faava 



Lastly, to Hill the consumption in terms af tha^ 
piitc iroa ar.d h iiiing surface, in fact, the total coneomp- 
tii n ('.vl.ioli iii ili'i = c). niiy cillicr nioltiply tlie second 
term of (I.) by or the aecond leim of (2.) by k. Eitliar 
waywabm 



9 



To find the heating- mrfaci? in tt'riTH of tho grato-area 
and the consumption, we have, by inmtiog foriuuU (3.), 

«9= 00222*'. wbcoce*'— iiOoj J 

and, tattin; tbe square root «tf both sidea, 

ft-nav^ (4.) 

Taflnd tha giato-area in terms of the heating i 

the consumption, we have, from (o ), biTors, 

tgmm iXlliSS A', and diridiog bath aUles by », 



(•■) 



The hut iliroH foniiulis caable oa to find any one of tbe 
three terms, — ^grato-ari^a, heating surfaoc, and consomption, 
when the two other tenm art given ; and all the fiva for- 
niulia an aanartiUa iato tha fbOowuig raka, wUoh at* 
expected to apply with oonaollMaa aaly tolaaaautifw-hellaM 
of the prevailing form, — with horisnlil tatia, and hnqg 
the tubes arranged as favourably for free evaporation aa ia 
the engines from which the rules have been deduced. 

Bvica I., II.. III.— ro fiitd th« f ft am Rat* Ota. 
xwytiait Wakr M m iUm l wUA i$t atw M w faa/ aay a r a f iia^ 
<^ m aiani atnKif aanvep wihs yvwc^wv. 

lak Tha rato of eoaaamption p*r tqmtvfoot of ^rau-nrta, 
Oivide the beating surface by the grate^area, both in suptr- 
fieiftl fi-tt, — »i|iirin> the quotient. — ami multiply by -Wli'l. 
Th>t |m>luct lb tlw consumption in cubio feeb per huur per 
s<juarB foot of grate. 

2d. Th« nto af eaaaamplioa ^ afaam /«a< «^ Aaafiaf 
mrfaet. Divide tha bsatiig sorfiwe by the grata area, both 
iu equiiri- rc-tt, — and multiply by '00222. The product is the 
eon^tiijipiiuii in cubic feet per hour per square foot of heating 
purfiii'-:'. 

«id. Tbe rate of tetai eotumytion. Divide the square of 
the heating surface by tba grata-area, both in fioet, — and 
multiply by 'OOUS. Tba pioAut ia tha total aaaaanptiai 

in cubic feet per boar. 

Hn.R W.— Ti tk* Htatinc/ '^"r/a,v 
M'liiitiiin a ffiem hourli/ OoUMumptiou oj Il'd.Vr ixumtmitiiU^, 
itillt a given arta of orate. — Multijily tho f;rato-area in 
square foat, by the cansiuuption uf water ia cvbio foat par 
hawr^bd ^ afuna faet flf Oa ] 



Digitized by Google 



1«0 



BAiLWAY MACHINEBY. 



the root to fom I hy 2t -S. The AmI fndml is the MW of | 
besting •ui'facc io square feet. 

BciB V. — To finititt GraU-arta tuitabU for maintaining 
0 gum iottrlif Cotumftim tf Wakr tet Kmi ca Oj , mM « 
fiwm Imting mr/<iMi— DiTide <he iqaan «f the hatting 
aurfttco in feet, 1)V the consnmptioTi nf -watrT in cable fet't ' 
per k«mr, — Mid ntulU(kl^ bj •i^iS.i. The produel ia tiie u-k* 
of gnte in cqaare feet. 

'Bj the aid ef the int «nl aMood nim, the Sd and 3<1 
eolunnw of the fellowin; teU« m eelnihted,— the etirfiuie- 
ntio« in tlie 1st column being taken u the quoticiU' 
ebtained by dividing the heoUng etufikae the grat»-are«^ 
waoidh^tetheiBilileparthenkB. The hit flolumn, of 
the coiuumpfion of coke per foot nf p^t^ ia estimated from 
the eoDtODta of the aceond eoiuinn, allowing 1 lb. coke to 
91hi.inl«r. 

TABLE, Na UCCOtt-OF THE (IKEATtsT K VTES OP CONSirSIPTION 

OF WATER coNsisri'NT wmi itn lcosmmical evawraTIun, 

AT TUB *\TK uF J LUS. I'KH MUM) OP €oKH, H)E OIVBM WO- 
FORTIOXB or UEATINQ BUHrACK AND U8Aii. AK£A. 
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For intennedfMe aariiHw-ntlM not Mnnad hi thb talile, h 

(lie intenncJialo valuea of tlio i-niifli)ni|itinn may readHy l>f ! 
dadneed from the oootants of the aeooud and third oolanuui 
ewpwilyt It ^viB iMie ef esMeiptiaflB the seenfeiy 

iurfac^ratio may bo fcnnJ. 

Though lL«i fur«gt>iDg table is usi-ful m far a« it goea, it < 
ia atill desirable to conatruct a table wbirli .«1j(ju1 J afford thv 
niMaa «t ak en«« detormiiiiag either the gnaie-erae, the 
fcattlBf mrftee, «r the eonmmptba, «haa the other two R 
t|uautiiici! are giTcu. The Tablr, No. utxsiv.. is I'mistruct^l [ 
for thia object, by means of llule iv. ; ii thaw* all the 
eomtettttiaae of grate-area, healing aorfacc, and water-con- 
emwptinn, aenaiateot with economieal et-aporation. Along 
the top of the table are ranged the grate-areas, advancing 
by 1 fucit intervals from 4 to 30 square feet; in tl»e iii.iru'itis i 
the total coosamptiooa of water era plaeed, from 20 to 400 
•iihieftitpwhew. bthelwdf ef iAetaUeen pfawadthe 
heeling aurfaeaa due to the re4p<<'<tiv-p ^te-ari?aa and oon- 
aumptioDB, below and opposite to which they are plaead, the 
iMeef evaporation being assumed at a minimum of Slbatt 
adlAauaimuai of 22£Ml|Mriigetef fteU|«r bonr. The 
tahte ii equally servioaeUe tat findinf Me eoaaunption due 
to a given f;rato-aro» and heafiiij surface, or tlio tjralc-arta 
dm to a giran consunptioo and beating sai£Ke. For iirao- 
ttaitf <|aMlHiwwtfaii< fati»t«hK|Wfeitia Bi liahi> 



may bo allowed, and mtj be eaaUjr aa UmatM Greoi Oa 
neeraet valnea remrded. 

To necure the eaitio coa litious for evaporation in boifen 
proporUooed Irara thia table, equally favourable with (km 
on the leadla ef vhiah the taUe ia ftmded, ft b B aa ij 

tliat the dorirance of the tubes should b^ar some ratio to 
Buinber of tuboa ctii(>ioyciJ. As, in all l/oil«r«, taboi 
few or many, are diaposed much in the same way, in iIk 
lower part of the barrel (F^ 181). it ie mffieient, ia tsti- i 
mating the leaaaaaiy deanoee, to nter etmplf ta tb ] 

iiuM.bcr atiJ rliattn'tor of tbi' tubfs. Thi- ijiiailtity of SUia 
rAiasiJ from the tubes, and the water rcH|ui l-vd to noplace t&ie 
atcam, are presumed to increase in proportion to their dud- 
ber: tba &eilitiae for the aiieidation of the mtar, aail fa 
the ascent of tba stoem throegh the maae of tabea, aMI 
theri-furc bti iuercinod in the samo [irnportlon. In othtr 
words, the clearance between the tubes thenuairaa, aad i 
betweatt thaa and the haOar, ahoald bo ia ptepeite is | 
their niimbi»r. The eireumstanct-s of the tubea in sonM of 
the tugiiiua 0:1 whii li the table id fuuiided are as follow:— 

Orion, Siriw, 126 tabes, 8 int. 1 in. 

Faliu, m do, t 'am. « io. 

C.B. Fas*. Estguic, lU do. If iaa, A ia. 

Boake, in do, 11 laa. ft hi. 

Sphw U» dOk 4i<>B. Aib.MMr> 

The data for the York engines, A and HerealM, in 
uncertain, but the usual clearance in Stephenson's loc: 
boilers, of which these are examples, is fully i inch for Ii 
and S inch tubes, 125 to 140 in number. The diameter 
of the tabae need not be taken into the qaaBtioo,aa thai*' 
metete employed hi niodcni pnetiae taiy ^nj little Am > 

2 inches OQt>:(I<', bi iti:; r^';nilated, not by the siio of boil«r. \ 
but by tlio iR-L't':s»iiy uf being lai^ enough to pu* tk: 
cinders which are occasionally dragged from the firdot; 
and alao amall enough to nmltiplj and aiereaae theauhn 
as required. 

I'aHjjiii^ over tbi' Snake, as her objervt-d p/Tfirnir - 
waa limited to two Uips, we find that the Sphynx ami tat 
ether hog heikn, with ahevt IdS tahaa, have naarij-Ar ii>ti> 
c]eaninp<;, and the C R. paissenger pn;x'n'* 
have H inch ; tlie nn-an of these gives, for 150 tubi's, f 1^ 
clearance. This allimanfe having' bi_i-n found to work 
we ahonld iaCsr that in the Orion and the PaUaa thaalMr> 
anee is mere than eeflMsot, and wa shall adopt thsnask 

just found a* a standard. A elearajice of f- incli fir 1'** 
tubes, IS at the rate of i inch fur overy thirty tub^ ^ 
150+5 = SO. We have, then, only to divide the toul 
number of tubes in a given boiler by 30, to find th* nut- 
able clearanoe in eighths of an inch ; whenoe the foUowiiij; 
rule :— 

Ecu \L—TtJM lit oUaranoi bttwtm tk« tvbot, 
fir m mmtui m f w u H tu, for a phmmmbtr^ feda^" 
Divide the number of tubins bv SO. The qpetwil bti* 
required clearaaoe ia eighths of an inch. 

By thia fda the idbwing naU% He, xxnr.. k*"* 
atrasted. 

Ae eleanmee between the tehee Ie meet eeaenMI riiaaltht 

centre of the nias^, from which mo.?t of the steam rises, tl" 
tubea may with propriety be plaoed dowr together at tl" 
hettiMMfhan iaaMaad in the iOk, pHtfcakri^vhMvitk*- 
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Not*.— Tho Uleral doMsnce betiro^n t)iL> upju-r raira uf ia\jn and 
liwbiiRtitsMdbaMlsioii^Uiof tlw diaoMior of baml, U sodi 
•Mb 

*inbl* to inercaso their namber, and opening oat <:^iidual1y 
t4>wanb the upper row*. If, also, the number be unduly 
rntri«ted by the denwnd fur diarsnee, the remedy, for 
•btaisiof a — ffiweqr of iar(Me, ia to i mi —s their 
hngtk. 

Central Dtdii-ti-n>. — From tlio equations establUhed 
between grate-area, beating sorlace, aiul maxiinttm econo- 
Biical eoBMHptiatt, it followo that 
1st. The ecoDmaical hourly eonontnption d!«erwuM directly 
dw gntMrsft ii iaereaMd ; that ia, the laiger tha grate, 



the smaller is llie eeonomieal amrnnption, mwa vitk fit 
tame htating mr/aet^ abowing thai tha aMMmia vafan af 
heating sarCMe ia redaeed by inemoing the giata. 

2d. The eeonomieal hourly consumption iMiawai illWlljf 
as tlie »<]uaro of the heating surface; that ii^tiia ffMtltt 
the baatiug aorfisM, th« greater aiao ia lha aooHaiMit «••• 
sampliaB, and at aadi a rata that tw{o» tha h«atiBg miv 
face wonld yield fnur times tlip -"I' l'tiptsoB^ wHh tliu saiiia 
grato-area; thus, tlic ct'oiioiiiic evaporattva power inoroaaee 
at a higher rate than tlie aurfisee ; and thonfoiv aa hmamm 
of atufsoa iair n aa tha aesMoiie tahw af saah agwn fat 
of that rarrMO. 

.'iij. The necessary heating snHisce inerttuet directly aa 
the square toot of the oodswuptioa ; thai ia, for four tiaMa 
tha aaoiamplim, twin lha i uihm anlj wndd he reqofnd. 

4lh. The necessary heating sarface inereaut i'.r, iilv as 
the square root of Uio grate; that ia, for four times the 

giate^ twieetheaarfaeawMiMhasifBlwIitoaMitlhaaMDa 

economical con.nuniption. 

Thus, prarti< ally, there esn never tatoo much heating 
surface, .is rfL'urils c (jiii^niical eviijinniiioK, but there may 
bo too little ; on the other hand, there may be too maah 
grate-atea for eMBOBiMd afapatatisii bal thasa oanat ba 
too little, so long as the required rate ( t' ^umbua 
not execed the limits to be afterwards defined. 
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EAILWAY MACHmERT. 



Eramplm (/ On A/fStatum ^ At/irtgamg Jtmlmj— 

Though the forngoiug diaeanran ft \m»ti upon eonditiom 
of econominl •▼•poratioD, thc^c coinliiiMiia are in practii e 
Ttrjr orauBoaly ovariooiMd, io ao aa th« imte of enpo- 
ntion per pooad «f fbd b UUa m«eb Iwlow tb* ««oiionical 
pitch. For fsamjilp, with No. 13, C. U., wliilei it ovapo- 
ntM comfortably 86 feet of water p«r hour at 9 lb*, per 
|WBnd of coke, jet, with a forced evaporation of 122 feet 
iwr hour, and • nhtif* daficiency of surlaco, it niaM oalj 
O'B lbs. per povnd of flolu: the poundage of w»t«r IndMd 
to redueeJ ucarlv at llu' satue nu- that the total evaporation 
u inertMed. The Hecia, by the table, would nut etaporate 
Ann 4ft fttt of niter eeoneoiictUj : the observed evaporsr 
lion was 94 feet, fully double, and tlie poundage of water 
waa 5 63 lbs., or Iraa than two-thirds of the eeonomieal 
standard, 9 Iba., — no allowance off that poundage being made 
for priming. To meet thoeo dtmanda eoooouiickllyi No. IS 
tbooM by tbo tobU biTobad 760 ftet of he«llng awfiMe, or 
an aJiJition of 63 feet, atnl the Ili'cla shoiiM have liaJ 550 
feet of surface, or 172 feet more. Tiiese cxinnplw ahuw that 
M inenMe of Ofaporatlon per hour above that economically 
duo to tho gnrt* mi tbe enrfiMj, ia attended by m coduction 
oftbe ponnde^ of water raised per pound of fuel, in nearly 
tho railu of tlie iiicni»t ; so that if the i'v.ipnratif.ti be 
doubled, tba poundage ia ledoeed to nearly one-half^ and 
tho eitis onpontioD to Ibu obUitatd «t • amdi gfwiar 
pitra rate of cnmliii?tion, and a verv fjixat sivrifioo of fi[rl. 
The examples also iilustrate the virtue uf litaltug surface, 
W the additional surfaces neceasary to restore economiflal 
tnfontka^ lepceMntod by IS or 19 extra tubes, m •my 
■mdl fra«tion of tbo axtoting aurfiKoa, compared with tho 
extra ecoaoinical aJvav.ta^cs. 

A» the economic value of the heating surface is matertakiy 
aiected by the gratOHHlM, being 1a«M the MM b greater, H 
ii clearly of advantage to have as small a grate as is con- 
sistent with the deniaoda for steam, iu order that it should 
at least come within the economic limits ; and, on the other 
bud, there eon bo no oeomomieal objeotioa to any nmoiuit 
of heota^ RD&aa wbieh en be §<ot mio m boibr, eoi»» 
ti^ntly with the conilltifn'* of clcaraiii'i* : extra Iii-ating sur- 
f^ not only by so mucit adJii to iJie ocoiiomiotl evaporative 
capacity of the boiler, but the felicity is that it increases 
that of the pievioqaiy osieting ewftoo. If Mo. 13, C. K.. 
u ato ad of having an addition of beoting auHaee, as before 
auggestcxi, had a giati' of 9 square f>-fii, or !•} fiit Iva^ than 
it actnally has, it would with the same beating surface have 
•laporatad 118 feat per hoar, or 19*50 feet per botof gnto, 
with economy nf cok*" in tlic r.atio of 6"^ to 5 Itw, of watvr. 
Mort>uyi.>r, iho cironninv wouU liave been so great as to iiavo 
reduced the ratu of cori.biiatioD ftr/oot ffrat/; notwith- 
ataadu^thoamalleranaof thohtlor. Simibrly, bad (he 
grata at tbo Hoda been of but half the aise, it vonid have 
evaporalfJ tlie satiie water witli iiiuoli li*s niAr, anJ wild 
very little increase in the rate of comboslion per foot of 
grat*. 

There are, in short, two ways of remedying defective 
proportions, — defective so far as economical evaporation is 
required, — by increasing the heating surface, or by reducing 
tho gnu-mm, ottbor •( wbioh ineraaaaa (ho eoonomio valne 
ofthohiaitmgBwbMw TabbtXxuT.fimibhaaMntattjh- 



ing oontraata of tUia kindt le dunr whftt m»j be dose I7 
ihereaalnf tha ntlhoab tha falWia|_ 
tions with a 10 bat pato, an doo !• the 

annexed : — 

Consumptions, M, 40, 80. l.w, •.'.•(• cuh\<: f,-*t; 
nesting sutfiwes, 300, 421. Ht.u. aiH, 1000 square isd. 

showing that, with the same grat<', an in ere aao of bbAa 
from 300 to 1000 feet, or 3i tini- .*. rai'ips tho capa^iiv ' 
oooooniio orapotatioa a( a nneh fa^er rate, — aa the s^iun 
•f tho anvboa.— fkvm «0 to t» feet, or 11 ilmaa i^ia, 

wit!i a L'iv.Ti siirfaoc of 500 feet, the followiri;; are the mn'. 
muM (ii.'vui>uiic3i cuosnmptions tUocted wiiL tho aaj»i»l 
grate-areas : — 

OonaaanifaM, U, 40^ <7. M. TOV 119 onbie bac 

showing that tho .s.inip lioatin;; furfaco i.s actually r»i»*J 
in cconoaiie value, asd will ecouomically evafocate Im;^^ 
qnanlUiaa of water par how. by radueng tha gra ta ai ia>- 
tli'^ rausumptiou is tlm* doubled from 3^ to 70 feet, br 
reducing the grate-area one-ltalf, from 16 ti) 8 tVct. 

Tho increased cconomio valno of heating aurfac* vhm 
associatL i wiili a radnaad giata^caa, ia atrikingly essaiffi. 
fied in lio- [k rf <rnianeo of UieGrMt Britain and lion Dol^ 

Obs.28, Talil)' I.X.WI., r-,ntrasti>d lliat of the SpLjDl, 

Obe. 32. Ae tlieae enj^iuoa have about equal proportioas o? 
heating anrbe* per fi>M of grata, wo moat attribute tit 

iiif. rior [H:.iin>I.i;it of watt-r per pound of coke in the foruitr 
ciuc, to lliu iucideiitiii deficiency of clearance between ili? 
tubes. The striking fact is, that the Sphyns, with a ID} 
fMt grata, oraporataa 2SS bet par hour aa ooonomiealiy • 
tbe Ocoat Bribun with a « feet grata ; that to, dM If 

niaiiir:,' a lihora! and fiulTii->'iit allowance (-'f heatiii;: liirf»!», 
or, — talcing another view of it, — by luakiii^ a sulEc»«itl_v 
email grate, the aviall gttto nuy, by increasing the isuo- 
sity of the combustion, and at the same time ineraaaii|g ib 
value of the surface, evaporate great quantities of wttira 
economically as a larger grate. It is true, Uie caja''^'ii ' ' 
tho boiler of the Sphynz wen pirobabiy atrained W 
ntraoat in doing what tho Ona* Britaiit did wHh ante % 
i? true, iiUu, tliat tlie rircat Tlritain woniJ, by Table LIH"- 
evapuraiii ^^0 iWt of water witii equal economy, suppo&i; 
the tubes set with sofGeienl clearance ; still the p«rfonii«« 
of the Sphynx shows what can be done with a nwdniM 
grate, when there is plenty of heating surfaeatobaefciteA 
atiJ, fui t!.<jr, it viiidicatL -, 111 con jimelion with the A m1 
Uerculea engines, Obe. 18 and 20, tbe adopUonof tba "b^ 
boJIar" ptan,— of wbieh then eoginea an ainnphlHf 
far a.'? roiioeni'j tlic cKijKiraliii'; function. 

lu tli6 lJr«al lUiUiiiJ, witli ^05 tahm, there is, »» " 
have seen, only i inch clearance, which has been •bo"* ^ 
be injuriously small : the (abos should have besn U 
apart. Hut, by tho TaUo of rebui ve proportions, No. lUU^ 
a total 5iirfac(! ot' UT.'l I'^tt, or feel loss than l.'i'J a^'"'' 
with the tubes suitably apart, would have evapraU^l - » 
bat of water with eeonomy; now one tobe gives $Sit^<^ 
surface, and 296 5 = r<f>. tli.> nnmber of taWa 
might be removed witli ad vantage, Ivaviug 303 — W^^J 
tubes remaining. ByTableLXXXV.,the8«o«glittoh.; liV'- 
apart, and tboogb this interval oouU not be maii>w°^ 
thnagbonti ovan «itb a lodoaad nonhar of Mt trit^f* 
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hy k««piDg til* lomr tobw ctowr, th« Mtne rasult would 
b* bad i miA oniMqaeiiUjr tha OumI Britain ooold fa* madt 
• own aMBamiail engine by irfdidMMiiig 20 per enl. of 

I the tabe-surfaee.* 

0/ ik4 Marimum Rata of ConUnution ami Etaporattou to 
bt adopUd in praeiiet. — To delM Out limits within which 

I t^e ooneloaimu to wbi«h we have come may be followed out 

I in practice, it i« neeea«ary to find the maximum rate at 

which the cnniVnifitioii of eoke may b« properly effected, as 
tUa is the ultimate limit to the nto of •vafmitioa. la 

i< mtemplMingnuimimrttetkHitpNnawdflnttiMMh* 
employed be of food quality, — well cnnvcrtcd, rrniml. ^^fM, 

> and weighty. The r««):1tj rrom the Sjilivnx show probably 

'*- the ^eatMt ntoof »iri<'ii.-nt oouibuation un record, — 157 lbs. 

«{ ««k« pw man foot of grate per hoar. Tint (hi* mm • 
CM* of nal and ttioroa|;h combustion, ia eonflrtned by Um 
ronsistcDt jiroporuon of water c vaporatc-il ; aixl from the 
position of the steam-dome, ther« was little likelihood of 

,^ priming. In thia omdvaioa tn «• aoolinDeil ly Mr. 

Peacock, who ftnlcs tliat llierti is no tiiafcrisl difference in 
the action of the boiUrs of the Sphyiix cldss from that of 

',1^ larger boilers, as regards tlie condition of the fuel or the 

faobavio«r of tba mUr, and, aa a taat of iiia aflkianqr of U>e 
coalMiatloD, bo tMt tlwt ba inda wdifiMiw* m to tli* 

^ Ir-ngtlt of time in daMrtaf tha tobMand aiaannif oat tbo 

*" smoke-boxtsi. 

It was concluded tiwi 9 Iba. of water were eraponlad by 
' '^ 1 lb. of fuel, in tha •zperimcnt with the Sphvnx ; at this 

taXe, the oombostion would have been, for the obsierved 
rva[>ora'.i<)ti. (rxactly equal to 1 5.31 Ibe. of coke per hour p^r 
foot of grate. Ibia lato ia apinoacbad in tba axparimanta 
iritb tho Hoeh and otbar aoginaa, in wbieb 110 to 140 
• po!in^^ per liour jxt fuot of grato were consunic-il. Tfio 

itiasibility of .•<ucli iii^li rales is thus confirmed ; indeed, it ii 
lis rather t!in eailii-r pnurtioe with very short boilers and 

-.9:' deG«i<Bk beating awrbe^ that wa have to look for ra<<«!i of 

r^id eombnatian. Some of tho earlier passengp r- c 1 1 ui <'» 
of the Oraixl Jiincticv. UaiiHsy have been foutiJ to conijume 
XK.. M Iba. of best coke per mile, witb 9 foet gntos. At 80 

Ti^ mllaapirbonr,l]iia«oiildaMo«itto80XM<*>9ssl67lba. 
■ c per hour per font r.f jp-ato, win n it \vnj well known thai 

tyt the coke was slialicu aud biokcu ui tlie firebox by the 

•t } violence of the draft. The rate of consumption was clearly 

•zinv^gpmt, and, tberefim, in general ii may ha ooneladad 
that tho inaiihBiin nto of alEmaiit eonibiialieD of goad e«k* 
in the firebox of the boomotivc 1ta<; be-eii foutul in pnetiga to 
be about ISO pounds per hour per foot of grate. 

^te minimum rate of eeonomieal aombvatiiii ba imttor 
vbiofa baa not been definitely ascertained, nor is it of impor- 
tance in the bwomotive. In the Table of proportions, 
N.L>. LxxxtT., 2 feet of water per hour per foot of grate is 
annmed to bo tbo loweat rate worth pcondiaig for in praetiee; 
^ and ia a^ifalant to s aombnation of 14 Iba. of «obe. It ia 

proved by diily oxtM-rionce tlmt an ci;;;iui;-, witli lOj feet of 
^ grate carefully damped np, so ai to retard as much as possiblo 

th*«aato«( fbat, vhilaat m«, aqr hun «ff abova M iba. 

' " ■-- "-- -| - -\ ni TirnTrl iTir i' - 

Groat Uni^in. .Ic^f ribad al im» Ift liMiwaib OS ihebad 1» toks^ 
on\v iMc'ti t'i.'nr_w« Ut* poiMiM Ibaa tUa wiaik AaHh do 
^ had wer* turfactk 



of eoke per hoar, wtlhoot anj appareal kea of steam at tb* 
aaCMy-nlra. This is equal to a eemlwatian of abont 5 iba. 
par boor per fimt of grate, withont any aanaiUo geaaratiea 

I of steam; anrl it is proliable tbat abo'it li Ibs. of coke per 
hour per foot of grate i» Ute lowest uiteful rate in praetioe. 

From our own experience we have found, that ia waD- 
roanaj^ boilora, good coke may be properly consumed at a 
rate of 100 Iba. to 112 lbs. at least, per hour per foot of 
grate, without involving any objectionable consequences to 
tbe boilor. Uigbar rataa an attainable { b«t tlm higher 
tho rata, <ho moi* hrtenao ia tha aembaatiao, and aa a 

Iptieral rule for pmctirp, as well as to allow for ii;fcrior 
qualities of coke, a rate of oorobustion equal tu 112 iUi., or 
1 cwt., of coke per hoar per feat af grate, is reeommended aa 
tho maumam lato at whiah laiaaotiTO-boilara ahoold ba 
designed to work. 

Acrr'^cablv to tliif concliiBion, 16 cubio foet of water per 
lionr per foot of grate, allowing 9 lbs. per poand of eoke^ 
dieuid ba adeptod as tha BMHtiwiim lato ef avapafaliaa ftr 

lofftrifitive- boilers. 

Till! prupurliou of L«.-aliug surfa*" required far meeting 
these rates of consumption, by Table lxxxiii.. is 85 feet per 
fool of grato; and this ia raeommaaded as tbe loweat pro- 
portion of heating anr&ea tbat ahadd Iw adopted for 
looomot i ve-bo 1 1 e r- 1 , 

Though it has been shown that much Dia^r ba done by 
adjusting the grato to the Itcating surface, there is a limit 
below whiclt the grate-an-a should not be reduced, and for 
tr(!«|Mkssing whieh indeed tliere can be no physical necessity. 
! Coke is most efficiently burnt in massee, and the grate 

IabooM bo at Isaat laiga enough to meet this condition. An 
area ef i aqnare feet ia a* amall aa for railway purposes «aa bo 
rrquirr'l ; nin! a einaller would probabljr impair (lie elTicii-ney 
I i.if i'ornbiit<iioii, ur at U'a<t deiimnd an inoonv«.'uieiil degree of 
attention ill firing. Even in the working of the England. 
E. b G. Bb, with a amaU boiler and a fi fe«t grate, tbia 
ineonvenionoe » fomid to b« vitry considerable, aa the lira ia 
much more liable to variation, and refjiiireis more delicate 
trsatment, than in larger grates doing even Um same work 
par foot of grata. AUowinf thai angin* to bnn 10 Iba. of 
coke per mile, with an express train, at 40 miles per hour, 
the consumption per foot of grate is 10 X 40 : 6 = 80 Ibs. 
|>er hour per foot of grate. Now, with ordinary 10 or 12 
fiiat gntea, tbia rato of oooaiimptloit ia maintained witboot 
diflealty, biaaaas tho eoko la in g r e a te r maaa, and nay Im 
Used id Iar;;er pieces. The smallest useful area of i;rate has, 
for reasons of this nature, been fixod at 4 square feet, in the 
table of relative proportionat and tluragh in the coinptlatien 
of this table, 4 fmt gratn m Kupposed capable of evaporat- 
ing 22 feet of water p«r foot per hour, they should not be 
trusted with more than half that duty, witb a eotiibuitiioa of 
about 76 Ibe. of coko per foot per hour. Laiger gratee may 
1m traatad with higher dutiea, and for gr atea of 0 foet and 

upwards our slandarj duty of IC feel of wat«r. and 1 12 Ihi". 
of coke per foot pur hour, waj b« adopted. For grates 
between 4 and 8 feet, th* greataat dariiabb ditiae are 
^ipeadad ia a aoto to Table uznr. 

Steam ni.iy be peneratcJ quite aj rapidlv at luw a* at high 

apaeda. Indeed, the Sphynx, U 12 wiles per hour, do«a 
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more, per foot of i^ato. f!mii tlic otlu^r long boilers A and 
UwvniM (Obf. lii, 20) at 48 and 20 nuies. No. 127, 0. H., 
■t n HmI 8-4 aiilH (OIb. S4, S5) doing gW work in both 
CM««, vraporatee equal quantities per Iwar; ia tlMcaaaof 
the lower epeed, indeed, even more miter eouM Inv* Imw 
raised, ae the fire-dnor vi ai icppt nio^tiy oppti tu |>re?ent the 
atmi Umring off. It ia a matter of eonuiMHi oUerTation 
«lnl an aBgiaa wriM to tlw fcwt adnBtaga at s low spwd 
Mitli lifsry loads, the nieftntng of which is, (hat ?lie " f^pts 
•team" with the least trouble to the drirer, and plenty of it; 
M the same (Dgine which would blow «f miSHy km 
Mf&tia, pmiag m ndwdanqr <f ittm, OMgr nfun eve)? 
iadi offt «t bigh ««)a«it«ea, mmI moro oonfiri flring to keep 
tlu> siijiply. It iii:»v, tliL'ii. hv inftTii-J lli:it, inuclii^ally, 
whether the steam be sent through the engine in lai^r 
^wmtitlM at widar intorfali, or ia MMlkr qrantitioa at 
more frrqnpnt infcrralg; in other words, whether it be 
worked at lower or at higher speeds, it is capable evapo- 
hj «ho MtiM of tilt UMki tlw MMM lomtily ofimtor 

Of Ho ftwloili'w «f Cud. — In • pi«fioiii e1ui|>lar, H fias 

been stated tliat, in tlii> Ittcirtnutivc-bailtT, coal lus abrmt 
two>tlurds of lite evaporative value of coke, per pound 
wigltt. The esperimenU with Qooda EngiliM (Obe. 59, 62) 
give a mean of 6'975 Hw. water rai»eJ per pound of coal ; 
increasing 'thli as S to S, we should have 8 lbs. of wnter in 
proportion raised with coke; now, 8 lbs. is probably as much 
as woald Itavo aetoallj been dooo witli wko, oewtg tliat in 
Nob CI, E. I» O. IL, tho olMHii wa* taiosd at a tato araeli 

iibnvo tilt' ooonomical limil Juo to tli^j '^ta'.c atnl lipatinjj 
surface. In boih el Hicav cnnas, wn wuco coutiuwd at the 
tilM of IIm oxperiinent, the ooal ml^ht have been, with a 
Hub atndBViiitill BMn aCsiiDtl; bant, and woaM bave 
dono ctira datT; and ws 1ut«« eonlld«««e in ro-atatinf that, 

in pouJ ])ractkT, .'i duty of two-thirrls of tlial nlit.titiit.itf from 
coke, uaj be had from coal. But, after all, we fed verj 
obnImb aboni ipaaial ptoTiaioBa far onanBwfBally bming 
coat. Coal, at haH of the or/lhiaru fiitumiiumi Undt, ouffkl 
not to be uud at a ttaple fuel at aU. It is the mere raw 
naterial of fuel, — the ore from which coke is extracted ; and 
caMaiM Mmo mhiaUo oampoanda which, on the om hand, 
««g:ht novor^ bolhrowB teto tho (omace, and, on tho othvr, 
oufjht not to bi' wasted by the prevailing system >^f coliin^ 
*'At some tiiue hence," says Mr. Buchanan, in hi« able 
pamphlet on Smoke-nuisanoe, "it will be difficult to believe 
that thoaa hjdfo-eaihaaa, ooaw of which are in themselves 
M valoaUe, and which yot oaoaUtote the whole difficulty 
we have bicn i^niigidering [smoke-nuisance], are actually 
baraod off and entinl/ loot in (Im p wwsa a of ooio^. Tiie 
mm d{flk«hl7 iiiaaa|Mhl» of thoaa oootpatnida are obtaitt- 

abl« from the coal at tcni]icrtttiires so low, an J ?o fasily, mil 
are yet so valuable, from the oii alone, that the fact cauuut 
b3 «mh iBB g n to attraet i|aaia aapitala and apan op a 

oatoot."* Thaae very jiurt obwrvatlone point oat the trne 
course of improvement; and confirm our iiiiprt.<sluija 
nUinateljr green bitamiooua ooal will be enUrely abandoned 
aa lha aiifla fad Ibr a fthar laoeiMiivo or imj othir aUia 



* lfi>Ct$ on l*« Sm*r-Jffmimci ^i«i«n. 1853. • 



I .of urApr'i, howw t iMfU tt waMam to ta ai« 

, auxiliary . 

, KnuPirvLATiOK. — 1. Tlie quantity, or weight, of ma 
orapoiaUo par boor, at a ginn rata of aomlxi st ion. iD«mv< 
with tho tanpantara at whiA tho water is pumped into i» 
boiler. 

2. Oonoeqaontly, the equivalent veeiffht of wator mfi- 
aUo fton tho otandard tompantun^ . ^ewntaasi as ib 

j initial tcmpTaturo of tlio wstsr actually cvapnraf«4, ran; 
at such a TAiv liiut ilut oquiviUfut uui^hls fall I permit 
for every 10' rise of initial temperature. At this rale. mIt 
85 poroiii(.«f waiOT avapocatod fion Slf, woald 
ponddo Awn 62*. 
! o. Tlin cqiiivatcnt t^ilumf* uf water ovaporable from Of. 
i; alao decrease aa the initial tomfemtaro rtaoo; Iwt nite 
I more slowly thaM tbo aqdvalmk waq^hti, iOMifiwhiankr 
I expauds by heat ; SB per cent, of Wllir «va|Mntad at tif, 
I would be eva|iorable from 62'. 

1 4. The evaporative efficiency of locomotiven depend* wtr 
Muehontho m a n ags a N n tofthagra. Low Itrea, aigMKoi 
I evaporato moio water than deep flioa, as thor* is lais e^e 

' exposed to waste; tho proper use of flic o^h-pan dioipn 
I aiao promotee the economy of eoinbustion, by regulatio; tlu 

draught to the reqnirmnonta of the lime. 
5. A ponnda^ of water equal to 9 lbs. per pound of enkt, 

is adopted as the standard of ecooomical eons4iiiipti«n, it 

practice. 

fi. The rata of evaporation per ponnd of fad, or tbsfmi^ 
aifsof wnlor,ian||vlatod hy tho arakof tboirafiali^dt 

eitt' ill lit liralinc "mrface, arnl tlie rate of consnmptt(Ki p^r 
hour. lu i;€iHirai, tli» aaiaUef iJiti ttre-^rate, the greater 
heating surface, and the leos the consumption per Itwr, 
within oortain limits, tite greater ia tha ponnd^ of aator. 
Conraraely, the poundage of water Mb neatly oi ib 
j rate of pvuporation is incre;i-:-d An)\f tlie ftvirioni'L' i:ti-' 
I' involving a reduced affieieney and a lieavy sacrifice of firl- 
|l 7. Tha HWKiiHMaaenamiaal bonrfjreaaaaniptiaa Ibbmi 
directly aa the grate-area i» rtiinofJ, oven with the lanif 
heating surface ; showing that thi> ircunuuiiu value of bestin; 
sur&oB ia increased by reducing tlie grate, «ad Uiat ky dif 
simph) expedient, the samo boating aarlaoa can auaawilia^ 
evaporate hirger quanlitlia «f water per hoar. 

8. The economical hourly con<iiimptiiin in'„'p:'Me4 diw^l.' 
as tbe square of tho healing surface, with tlieiaaw |nt<. 
•0 that twice the snrfiieo would jrield Imr ttnoo thoenHnip- 
tion : showing that the economic value of f^rh fc«t of 
(iiee ia increased by im«r«fy inertamn^ the tmj'atx, 

9. The necessary heating surface inoreaaes only s> 

tbe 

aqaar* toot of tho eonaomption, tho gnto boiiv tbesiM 

10. Tha naeeaaaiy h«a«mg oarfaM h aw a a ia aa the iq|Mi* 

ni'it of tlic jrate, the consumption b*ing the same. 

11. A* the economic value of heating surhce dqwo^" 
mnch on the grate-area, being lees as the ana is gn«t«r, it' 
grata ahonU bo kept aa small as is oonstatent «riib 
demands for steam, and the pnetieable rate of tJs wI n i H w 

] On tlif oiinr liaiiil. tloTo ean be no economical objoctioflf 
any amount of heating sur£Ms which can bo got into a 
ao«i though gnatar than tha aeononialimita. lhoilk«> 
are two ways of int-cLn,' .Icfi-rtivi; p.-o[i</riions, — 'bv iaW* 
ing the heating surface, or by reducing ttie grate, eitber ^ 
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wliich incmaea tha aeonomie value of the lii^aiin;: surfarf,— 
is fltkar mnb, «iia «0aoiiiie cnqMcaUfo power of tlt« 
boOer. 

12. The relation* of ^te-ar«a, htUSag nr&M^ and 
•auHMnieal oonaamptwn are neii that 

vitli toitiar aoilbeHi 90^ Mb tO, DM time* the gmtB, 
*h« II iiwaa aeaa^) ( eul>>e fee* of miar |i«r 

p ical uBiwMillnni 1 t, 9, s{ bojit per M af 
are ) ( sr»te, 

aad U, »% tUt Itt puoimU >:.f co^e. 

13. The amonnt of clearanee betWMB th* tnbaa affects the 
evaporative elErioucy of the tobe-mrfiMC; and it ought to 
be greater, the greater the number cf lubc^. l'«>r ordinary 
good pnciioi^ <n whiish tba fongoiug coaclostona are foimdad, 
dtanmea vt th* Mta 4ir i hMh ibr miy 90 tobw ia maeimti 
for pxnmpV. i inch for UO VAm, f &Mb ttt 130 tabo, aad 
} inch for 180 tubes. 

14. Tbo DSiimnm rate of efficient oombvctioa «f good 
ooke in th<> firdKix has been found in pnotiM t» ba aboak 
15011m. por Lour per foot of grate; ud of arapontKia, about 

cubic feet of water per hour per foot. 

15. The niinimam rate of combuation worth nnything for 
mpotatkn la pnlaUly abaafc 14 lb*, par hour par tout of 
grate. 

16. The moximnm rate of eoinbuation Kcommended for 
looouotivfr-boilcrs is 112 lbs. or 1 cwt. of coke per hour per 
foot of gralA, wbea tho grata baa at laaat 8 bet of aurfiMa; 
and of avapoiation, 16 enbio feat of water p«r hanr par foot. 

17. Thefp ratf's of consumption rcquirii a beating surface 
nf 85 feet per foot of grate ; and thiti in llw lowest proportion 
that should be adopted for locomotive-boilers. 

Itt. A giatama of 4 feet is probabljr tho amanaak that 
ahonld tw adoptad Iw rsilwaj purposes ; anfasdio amallaal 
gr.itr'3 rfquirf tlie i^re.itest .■jttriitioii in firiii^', a C':>ni-utii[ili(iti 
of about 76 Iba. of coke, aud 11 feet of water, per hour per 
W of giata b «>» blgbeal dnty ibr wliMi 4 ftot gnlaa 

eliouM bs c!»Kaic<i; for larLtor fn'i'tts duty tUtf bo 
iucruoaud up to tho standard for 8 feet grates. 

19. ThooTaporatiTO capaeitjof looomotiTO-boilen appears, 
00 &r aa aqMriaaee gota, to ba tba aama at all ipoeda.* 

20. "nw oeomomie ofaponti** value of <«il ts^ aeeording 
to orint'..iry practice, about two-thirds of that of coke. But, 
as coal is not likelj to come into more general uso as fuel, 
and wiU eontlma (a bo used onlj as an auxiliary with coke, 
it if not noesaiarjr to neoaaidor tbo proportions of the lo«o- 
■otiTO-boiW wiUi anj now to tba iBOMHod emploj uient of 
tlMtfuoLf 



* jUviiminK the tKaentr nf eonlNntian to be the ume, it miaht 

l>o d'Hiiiced from prc>iou> ui>cu»iaos of tbo leUtione of ersporBtiTo 

flower, blast- )>re«urc racniun in thr smnko-tinx. .-.nit spreii. that ihi'j 
maximum rat«of erspwation thotiM be tin' Fatiw t^r a!l ■'{lo.'js. Tins 
qneatioD will be duljr eon»i<lcrnl, wlion »<[■ lia^f to ruiii^lruL't it fonor-ul 
UK^i ry fif Uio kic«B)otire, from tlie usak-iiaU 6ii|i|i|jt;J by cijicri. 
riicnt. 

-J Till' niiltidr i-. grntrSod to find from the later writings of Mr. 
F«irKair-i <if .Mnrcluitfr, and Mr. liuchaoao of Gla!igo«, that hit 
views of t)M9 econami - ■ • 



of tite enmomv of combustion aod craparatimi banaoDiM with 
of tbeee aalhsnliiB. Mr. FairtMum ha«, iu hin iwncr " On tho 
CnasDinirtiMi of fW and Prerentioa of Sinuke." (1851), rrpcalcdl; 
racoKnizisl and »ct forth the value of a "Jarjw Stating mrfaet at 
m)Mtd to a nuU gralt," and the nutlHir i* not mro but his formulas 
for eooooinic prvy-sTtmm nii^lit apl'l.f to ordinnrv tnnJ and marine 
boilers. Uo (tvU cirtjiin tlut nt li-.'i..t tlie jrii.nj.'.i^ <>ii nb.cli the 

fenaolaa ass based will tie fMutd to ^Ijr i» odier eiaaaea of bialera. 



SUB- SECTION III. 

PHYSIOLOGY OF THE LOCOMOTIVE, AS A 
OABBIAQE: FBAMB, AKD WHEELS. 



Tbo oljacla to ba ainnd at hi tba anMi|ioNMat af Hm 

locomotive as a carriage, arv, that it *hat! be just heavj 
enougli to aeeure, by its w«i^iit, sufficient uJlii-«ion for pur- 
poaes of traction, that the loads ou the wIkm'I^ bo pfO- 
pori7 diotnbvted to oitet tbia o<geet» and that it ahidl ran 
steadily «n (ho nSb at all praotteaUo apoeda. Br ikaH- 
nf*t or flidilUt;/ Is incaut tlic projwrtv ot' iiiovin!; aluni; tlio 
rail withoai anj inclination from the eentre-line of progrea- 
aioo.— la brt tritboat oodllatioii «r otbor laeMontal aad 
erratie mnvpnient", Of course, the perfpet slaSiHty of a 
slide-latho or a planing machine is cot iq be luuked fur in 
the motion of a locomotive, as it is affected by smsll aad 
nnaroidaUo iirqplaritioB: but in pnotico tbaaomiBor dnia- 
tkma aira bbI flonriderad to bear apon tbo main qasotion, 
and, in the lanpia^'o of M. Lc CliattlliT, " a loiximotrvp is 
allowed to bestMM/y, or MaitL, when it has only a very woiall 
degrpe i' n i< n M lfty .* 

The BUMS eanses of instability are of threo kinds : — The 
internal dtstnrbing forces generated by the motion of the 
machinery ; tlioee dus to ti>e arrtuigement and the state of 
repair of tbo foUiole; aod tho iroporfcatieBa af tbo puian oa i 
way, 

cnA?TKn I. 

Or 7IU IimX^fAL DiSTVMINO f OBCU OEKEIUTSD fit THB 



lI!i("n'ot Fummiir)/. — Siti'^n ISIO, Mr. Oeor!j(> Iff^ton, 
of Birmiogbaoi, has paid great attention to the balancing of 
■adibaa In natiaa, irttb avlaar both ta tboir at^lhy aad 

their durability. In 1838, he experimented with a moJt^! 
of a railway-earria<;e wheels and axie, ttuA showed that by 
loading the wheels on one side, to represent full-siae \ 
with tyrse l>.indi unequally tbiek, instability of 
kinds irenld lie dembped, whoa tbay wera rotled aloo^ Iho 
taUo. ITp rtasM^'kl t!io Jrivtiig wheels and axlc.i of lomni'v 
tives, with their revolving appendages, as unbalanred 
wheels ; and proposed to apply counterweights to the lAoota, 
between tho spokes, to balance the revolving maBsea, an 
idea which was carried oat by Mr. M'Gonnell, in 1842, on 
the Birmingham and Giuucf^tcr lti:)way. On the Eastern 
Oountieo Baihiaj, Mr. E. A. Cvwpcr atataa, Maana. 
Biufhwaile asd Miber had balaaoed wheeb in iba wno 

W.1V, in IS37.* About tlie fainu lltrip. Mfisrs. Sliarp «n.t 
TtohiTts of Manchester, applii-J balaiicp-weigias in their 
<lriving wheels for the revolving ffi»«MS, and the^ wO ffO, 
wo boUevOt tho lint amang Engliab makaia who did so. 

To meet not only tho revtjWTOg unbalanaod w>'iglit«, but 
aI»o tlic ri i-iproearin:; iiia.'«<>s of ilie piston and appeadagps, 
aa well as for other objects, Mr. J. 6. Bodmer patented 
in 1841. tho appRsatian «f t«a piMaaa, af tho eaina atiala, 
to work in each cylinder, operating upon » JouWo orank un 
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the axle, in oppoiito duMtioM. Tka the dwtarbag Mti«n 
of «n« piston, with ita «rt»k ml eonnMttng rod, navtniliMd 

th&t of the- fitlier, an J ]i<.'rf<!ct equilibrium was painpJ.* 

It is neciiless Ui mdd ilmt Mr. Bodmer'i plan was too euiii* 
plioitadfor geooral lue. Mr. Heston simplified the id«a br 
kjiplying duplieAt« reeipn>rnt!nn; maHW, of equal weiglit 
with tha pifton and .ippc-nd.tirca, pUcsed alongBide tli« 
fire-lK»T. »T)d worki'd by a revcri-p i-rar.k from the axle, — 
ft pUa which b« pat«nt«d in 1S47> Still too «oinpliwt«<t 

Mr. W. VmHumgli. in Oetobfr, 18M. coBMircil thai if 
n rcrolriiij balance- weight he applied to the v;hf<] sulTi- 
eiaoti/ h«avy to balance not oiil)' the crujk, but also tltu 
connecting rod, pittoD, and appendages, the objects of Mr. 
Hnton'a vf/amtm would bo gainad, wbilo tlw wngakn- 
tiM of mtleal p i 'Moow on tho nil do* to tho mi««m of 

centriruL;.il fiircc- uf tlio balntico-wtii-bt, woul.i w. iiia('.Tialiy 
affect the atabilitjr of the engine. This conception was well 
IWM ««k in pMlioOh aa bo found that oatatde^linder 
engines m babnird were made " infinitelj steadier and 
the trulli ij, that centrifugal distarbance rerticollj, howevor 
potently it maj affect the motion of carriages and otiier 
lighter Tebielet^ ie iiw tho Isoat important olameot of ido 
fltadttlity h keevotivea. But, though the means of olitaln- 
)Dg iho iriati'rial olijccti uf a o<>m]'!<-ti' bi^hnr* were thus 
earSy puiiiiod oui hj Mr. Ftrioiiougb, Eoglinh engineers 
generally have not appreciated the hnporlMMe of cxtemJing 
the balance beyond the revolving parts; and they hare 
endesToured to increase the stability rather by such means 
na extendiii<; tbo wheel-base, lowcrinigp th* Ointm of gnvitj* 
and oottfUng taut to the tender. 

Thiw Toan after Fbnihoiigli, in Oetober, 18M. H. Nol> 
!»u, of the- llolstf-iii Railway, piibHslied lii* n-sfuribos 
on the lialaiiclog of locwmotiTes.J lio analysed the causts 
of Instability, and recognised the advantage of faalanmng, by 
oanntar waighla appliad to the wheela, Uw altsnato notion 
of tiio phtflB, aa wdl aa Hkt owtrifngai ftme of the tot olv- 
in^' pr»rt!«. 

In 1849, M. Le Chalelier pabliahed hia impottaut invca- 
tigatioBa on tho olabilhj of looomotl^aa,!! in wUah fca warika 

ODt the whole theory nf the Bubjeet, cmbrai'intr all thnt had 
been done by previoiu engiui ors, aud «uppliei» rtiies for prac- 
tlee, eonfimed by actual expermunt. To this work wearoli^ 
dabtod for mnohof what ii»U»wa,oo thehalanwngoftheengina. 
JfoMra if th Jidtmal ibtiiitbtjf farm muni tjr lIU 

inirtiii ff the nucfianttm. — A locotiiulivf iu niutioii may It 
a&«ct««i by angular or pendulous inuv«ui«uu horixuutaliy 
and vertically, and by a longitudinal fore-and-aft movement, 
coindding in their oacilhuiona with, and ariaiqg Aom the 
iutemal reciprocations of the meehanini. Ttw pendnloaa 
inuvL'uioiits arc of tb roe kinds, and take place round the 
ii or ia ont al and Tertlcal axeeof the maefainok pawing through 
Ita aantn of gmWty or nearlj lo:— lat^ Imiiaotttal Tilit»> 
lion round Iho itiiai;inary axi? of motion, A B, fitr. IS", 
^'ivlng rice to a linmtM orserpeuiioe motion, right aud Ictt, 
which would be visible in plan and end elevation; 2d, vortical 
vibration on the axis c p, or a pitching or plunging 

* TVawcKfwnf the JtritiA Aooeiation, 1846. 
f Htpart of tKt (Imfje Comimutmurt. liHO. 
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visible in aide olevation; Sd, vertical vibratkm on tlio ui 
B V, or ft raakav or nfliiyf asoUon laterally, visiUe a 
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end elevation % (hen ia, 4th, a lengilndlnal raeifwaea&^ir 

fore-and-aft iiiovomeiit, n ctilinettl and parallel to tli« oili, 
causing a jultiug luuvenient visible in side elcvatiiH) lat 
plan. These erratic movements, though originating iadl 
maahaniiaa, are m a teria ll j a&cted by the general aaiaj*- 
menta of tho raaehine. aa to disposition of wel^t, phda; 
of axl. ^i, d.-sign of oprings, and "d furili. 

The operation of ti>e reciprocating parts of the mechMiai 
aa diatorUng enasea la randilj aK^aiaod: thej mn, diuif 
each strokf, mrjvf d fr.im .i si.iti- of ri >t and ai-ocI^'nttJ • 
motion thritu^huu; tiw Qnni Imli uf muh stroke, and retinal 
in motion and finally reduced to a statoof NOt thw mM 
tho laat half of the atnko. The steam-pressure reqninlli 
move them la exerted alee upon the cylinder-end, and flili- 
niately MfK.u ilo- body .it' ihc iiiaidiiiu', — the steam operatiag 
asa scrow-jMk between the cylinder-cover and the piston,— 
and the whole ntschtne in aanaaqmoaa mmjn to om li^- 
During tho last half stroke, the momentum acqitireil br liit 
moving parts is delivered to the crauk-^in and axle, ir»l 
thence to the engine eansing it to swerve to the <fppi»U 
aido. Xliia praceaa is lapaated diuring tho letom link*; 
and tlnia, dnrnir om rvfvlttllon of the onudc, or one dnitk 

strnltp (,f the pNtoii, fuur cliaii;;!-? of dlstiirMii^ f-'r**" 
called into action. The operation of these forces najM 
iUnatnInd Ij diagnai, 4g. IM t AS 1 




Cjludval IMlfefWlMl niwtntica o( latanil 1 



with the piaton inaide, shown at tho two end* and tt 
■iddtof tin atnka^ in IkapaailloM ]'» 9, St Qk lUAi^ 
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ittg wheel with the axle, and the circle d the path of the 
«niik-piB. in which (h* |ln ia mppoaad to anin at tlw 
poaitiiMU 1, S, 3, 4, ailiiiiltaiMoiuty with fha poaitioiia 1*. ST, 

3", 4', of tlic piston. Tilt piston, in moving froni 1' to 2* !s 
impaUed by the forre of the et^un in tiie »stne direction, as 
timm by tka mmm «, to produce which an e^^nal and opposite 
force ie exerted on the end A of the evlindar, aiioini by tha 
arrow a and transmitted to the wliolo maehina; moving from 
2* to S", the piston is retarded by a force 6, resolting from an 
o^nal and oppoaila atain, on tht nuMbino) from to i', 
in tho ntuni strofca^ dio piaton ia momi by dit Imt «^ 

derived from tlie farco r! on llie cv!inJcr-end ; and front 
4' to 1', it in uppused by tli& furc« d. diw to the force <f. 

Tha horisontal force*, a', b', </, d", tpmt ui^on the machine 
dhifbif aaeh double^MolM, net aaah of tham aimoltaaaoualy 
nt the Htle, through the filming and thn eonneotions of 
the piston, as sliown by arrows iiisoriiH'<i on each cjr.arli'r of 
tho oireU 9, from which it is phun that while the crank 
fmm bmm tlw nppar In tha Innnr aentaa of ita thmw, from 
S to 4. tho disturbing forces I'ucrcs^ively nvt ahead ; and 
from 1 to 2, tliey act aback. Tha ciicumstancea under 
which the aceelerat«l motion of the piston is acquired, 
*n altand whan tiio oogine rnns without steam. Jn this 
eaaa, the labonr of dtrcetly moving the piston, diadmrged 
when the »tejin i* on. by tlio sti-.mi itself in c^rlinder, 
necfMsai'ily devolves upun the crank ou tlit- ilriving axle; 
that is, the immediate strain tliti^ inonrreil tv.nmkrKii 
km the and of tb* machine, whero tii<! cylinder ia placed, 
to tho m&Mlf. This circumstance, thou;;li it doeo not affect 
the longifidirial rccijirucatiii^ inuvcmor.t, iucrra^ra tlin 
latoral oaeillation, because tha diatorbinig force has, in the 
kttor OMM, s gnatar coolnl ow fhn auB of tlw 

Tliis Jiflllnctinn \s VE'rifie>l in prartloOk 
to run slcadiiir wiUi tlie steam oo. 

The four disturbing foroee described for one cylinder, 
mint likmnao for tho othor ; ud (at tho two oylindaca there 
an eight Iotcm hrai^ht hito operation during one tnni of 
the wljf*'!, \shieh may bo furtlicr rvpresr'titvil as fjllow : — 
Let the circlee a, B, fig. 185, be the paths of the two crank- 
pins of the engine, of wfciah 
A ia that of the leading or 
r%ht-band crank. The four 
quarters of a revolution simul- 
tanaoaaly daaeribed by tbmo, 
U» flgntad 1, t. S, 4. By 
arranging Ihem in p.iirs de- 
scribed consecutively, as iu the ansuxciJ Tubie, the nature 
of the disturbance is at once apparent. 

In the lat and tlio 8d quarters, the forcea pnll tOfalhartbMk* 
ward and forward alternately, and give riaa to the hminm- 
(al recii.rocttting niovcnient ; in the 2d and till <juarlens, 
they are opposed, bat at diffennt pointa of Un axle, in the 
eantn-linw of tbo^liiidoni, and pdl tbomndiinoallanntely 
to the left and tho ri^'lit tjt one revolution nf thp drivinir 
wheel, giving riise lu iho sinuous motioo ou tijo rails. Tite 
centrifugal force of the revolving parts affeeta the stability 
of the maehiiMt only an it givaa liao to tho hotinontni die- 
tniHneee which have jnat beta pointed ont. Ita vertieol 
actioti :: jTii'^ :uit in jira^ticc, coii.siilerins tliat it lias to 
cooitiuU, upwardly, witJi the whole weight of the machbe, 
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and without any sensible advantage, seeing that the centre 
of gravity is commonly so nearly over the driving axle ; 
and, doTCiwardly, 'A ia met and balaooid by the rigidity of 
the rath. 

Duturbanee* ecnifi'l hy Oif Action of tk* StoamontitputoM. 
— When the cylinder 'a liorizontal, the steom-pre^nre on 
either end of the cylinder would be transmitted tlmaigh 
the piston to the axle in a diiMtieo at right angles to the 
guides of the axle-box, and would be fairly and fully re- 
ceived by tlicao pu^ies, if tiie connecting rod were so Ion;; 

as not, at any part of the stroke, to form any sensible angle 
with the centre lino of tho ^liader. An hidefiiiitely hm; 

rod is nf oiinr.n- impmrlicable ; and as the pressnre of the 
sti^aju i» cviiveyed tltruugli the connecting rud, aiid may be 
conoeived to act in its centre line, the obliquity of the rod, 
or the angle whieh it forma with the oentfo line of the 
cylinder everywhere hnt at the end* of the atroke, operates 
to produce irreL;uIaritieii by tlie upw.-vrd strain which it throw.s 
on the cfttislieod, whicii it ia the luactiou of the guide-ban 
to receive as the angularity varies ; this irregufau* preeaofO 
varies also, from being nothing at the end of the stroke, to 
its maximum al lialf etroke, when the angle of the rod is 
also greatest, and when the pressure is received upon the 
middle of tho gnide-lmr. The tendency of thia variable fom- 
son, whieh ia eana t n tt tty oierted on tiio upper gnid»'bar, 

■when tho en^^iiie is polity ahead, is tn lift the niachine off 
its leading springs at half stroke, aud to ease it dnwn nt the 
dead points. The alternate heaving and sinking so caused, 
given riae to the pUekiag of themaehino; and, fnrtber, aa 
the vmfaltons of npward preHnre are not nmnltaneoaa for 
tlio two cylinders, ina.si)iiu'h a.? (lie half stroke of one 
cylinder ia arrived at simultaueonsly with the dead point of 
the other, tho hmving ef the engine muat Inhe phoe nllM^ 
Tiatelv on the two .siJes, and will cause a nvl/m/, or lateral 
rulliog motiuii ou the springs, i'itching and rockiug are at 
least the tendendencf the oUiqne action of the connecting 
red i and they beeomo more sensibly the aherter the md and 
the more anaeeptible the springs. 

If. instead of bein^' horizontal, the e\liniler» be pi u i t 
vertically over the driving axle, it it clear that the alternate 
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thrust aod poll m th« axle eaused dirMtly by ths atcAin 
|H«ssor«, would give rise to some Tertical play on the springs; 
tliM wrald work alternately on the two sidea of the machine, 
and wrald «iwt» the iMkipg buMmd in all ita aimplieity, 
« 1m* aatully ban fbinid in imetlet vilh the nHmt 
rii:rii:«s with upright c}iinders; and, further, if the driving 
axl» be placed either before or behind the centre of gravity 
of the machine, the vertical action of the strain wouM 
nperindace a pitching of tba engia« nhteii in toiqaiMtiMi 
with the rocking, produeea an eB>i»tinf or ihMtr t ny mvGm.* 

Tills cciiiipjimd motion talviH )ilarf, in a inoililli-il iU"i;r»'p, 
ID all ineUiMd-cjrlindtr locomotives. The incline of the 
eyfindar, in fact, wfgnmkua the nregvlan'tles dn* t« tfa* 
angle of tlm rntiTinrtin^ m^, ni!<! yirroitifs more formiJable in 
ita «ff«cts, laot only by iucrpasing the incline, but also by 
inereaaing the prefsure on tlMfiatWwith the earae angle of 
eyiinder. These disturbance are qnite obvious in outiiidci- 
cylindor engines working under full pressure, whtn the angle 
of ill!.' i-_\lir.4<'i' amounts to 1 in 10. 

There is another aource of nnateadiofla in the unequal 
fttnaii of aliDiasica wliidi iMmmI tin OMof Hrtain 
menta of valve-gear, by which a greater quantity of steam 
ia admitted to the cylinder, and a greater mean pressure 
is reached, during tlie front stroke of the piston, than during 
(ho baek airak*. Aa th* tvo front atrokea for tba (wo 
fljliadaii oooar conaonrtiToIv, md in duo niatioB with tlw 

two l.icli Rtrvkf^. it fnl' ius tlml tliu cuDiiut Le 

unilarmly inipolted, md liui whil« me^u sp««d uiust be 
that due to the average mean pressure on both sides of the 
pittOUt 4Im machine will advance and recede during each 
lara of ttia mvlng wheel, alternately atnuning and relaxing 
llf C'iiini-cli.'ti witli tliij tcixlir ; aiul in flicrl, a Icni;!- 

tudinal reoiprocating movemeDt icaolts, combining with and 
OMnpUaatiag th* tammtUlm diMly dNoibad aa dw to 

the inertia of thp mechanifm. 

There are, then, iliree principal internal disturbing causes 
wbith offset the sUbility of the locomotive. 1st, Ths inertia 
of dM neiproeaU^g puhmo of iiMebtmrywhiflh tend to pro- 
dneo a lalual lAiimit mTanant, and a longitodiiial rmpr^ 
eal movement. 2J, Tli^ oMiqui- aciioii of the FtPim tliron^li 
the eowMctiDg rod, and in inclined cylinders, which tends to 
ywdaco Tortiaal fiUUmf mi wBwiy MonoBwala. Sd, Tho 
aneqnal propelling action of the ttnm whcTi ttnrqnrinv 
admitted to the two ends of the cylinders, inducing a longi- 
tudinal reciprocating movement, of tho mum kinl aa that 
caoiad bj tho inortia of tho mMfaaoim. 

Tiio i mt a laB i i o d ioai^ af lb* itbi*^gm baa mat lequired 
notice, aa iu inflaoMO m tb» aMbUit/ af tba Hchiaa is 
iiuigaififant. 



CHAPTKR II. 

finkmaL DnnnanM Vvmm (Oantkucd)— 'Numiie&L 
Viuu. 

central Fcri-^.—Ctntrifugal fere» is excited by the con- 
•trained eircukr ntotion of a hoavjr body, and it tba force 



* IDiOWn in French by the plimMr. muwrwrnt rfi'jUiHtff Htnily, 
• aMkn Iko that of one uAsM Aipe or* em ofjamt. 



with which the revolving body tends to 6 v froro the imtrt 
round which it revolves. It acts on the centre, and \y.,e\ 
bo met by ao equal and opposite strain, known aa tmbi- 
pttml forea, and tho two foraso ao opposod aro olaaasd m 
oBi fc ia l ^wai.'^^thoyarowintoaof aoCloB andnailia^ 
and iie:es.''3ril V co-cxift ; ami it is cu-itomiiry to ;iUiidtts 
tliB di-iurbing aeUou so inJucod *5, simply, cenlraii or c«i- 
lrifnj:;al force. 

IGmtai fore* dapooda npMi tba «ai(lit> of tho revolra; , 
body, ita Tflloeity ia tho oirida mr arlit of motion, and the 

r.'ulim i.f the circle, or the distant'' of tlio hn4y (rm tb« 
centre of motion. Tho intoaaitjr «f tho fi>rce in pounds is 
feond hy tbo ftllOTrin^ fda 

Wn.y. I. — T.I fnd th.' C nfrtfiiml F'-irc-j of a lUrd'^y 
\ Bud^, Multi|>ly tlis wti^lkt in puiuiiiii by tiic stjiun? ui lat 
velocity in tlie circular path, in feet per second, — divide by 
tho tadiao of tho cinlo in feot,— and by »%. Tba qaotiaa 
w tho oontfal fepso m poaads. 
Ai'plviii^' till' l;iM'H (if iriitnil ibt firmiiHtmiif 
I locomotive machinery, it appears that^ 
I lat. Wba thodiaaMtorof tbowhMl,aiid «h*ipcodsa 
I the rails are the same, the central force increases directl/ 
i with the lensth of crank, or with the len^h of atraks: it 
' also incrcist's dim tly with the weight of tfw fanlnf 

Imaaaaa of the ciank aud tha ooonoeting rad. 
td. Wb«a th* dianator of whoti, and otbor natlBi in 
(lio same, the centrifugal r.rLH of tin.' crank ami C'lune -t;:..- 
rod, ineieasaa aa tho aqnare of tho speed on the rails ; tint 
is, far tariaatba opad^thm bfrarttam th* diatafttf 
force. 

I 3d. When the speed on the rails, and other m^tm n 

the >^amf, thf c-piitii tuLral furce of the rmiik and oulin'^illj 1 

1 rod, increases aa tho square of the dianiater of wheel ia- 
I maily; that fa, for half tbadiaoNlir, with th* MOW iptsi, 

liif (ilslurhaiii'? i* not merely doubli-J, Iml IinTeased foor 
liiiic-i ; uii tliv tuiiiwry, with double ih« wheel, there is coly 

' oni'-fiiiirUi of the disturbing foreo. 

\ Tb«M conclusions show, not only tho giwl infliMow^^ 
speed in ittereasing centrifugnl force, but ab* the cqoMj 

:;rt at influr-t:ce nf iho fliann ler of wlif d in rcJncin^- ;( : 

I that if the diameter of wheel be increaaed in proportioD w.ts 
H the speed, other matten faofaif tba same, tho csntrifii)!*! 

' fiirco i^f tho (-rail!; an. I ooMnt-ctiii:; rod woqU remain uosl- 
> l*feJ. Tlify •■xjjla;u alsu tho grtat incrt'a^-so uf disturbssw 

from unbalanced masses, arising; from a relativelr nosll / 
'. reduction of tho wheel ; for oxampla, a rodaotion cf tkt I 
wheel froro « feet to 4| feet, or ni the ratio of 4 1* 4 imH I 
iiir-r'-asn lh(i iKhtucUI;;^ fn.-i'c, at tin- samp Fpetdi fal th*lMI I 
of a'' to 4^ or a« 9 to 16, to nearly double. ^ 

Amdifm tf Dittmrbhif Ftnm im A» Loeomctitt.—h has 
already been stated that the centrifugal force of the erssk 
and connecthig rod ia of more consequence to tbe stsbilitt 
of the locomotive by its horisontal action, paralhl <'> '''' 
rail, than by its vwtical aotioo. Theao two actions msj Ix 
separated by diagram, thus {—Let A a bo the e*ati*nw<' 
the sngini-, aiiil a i, ihu rii;lil-Iianfi crank r(^vo!vi;i;r !" ^ j 
circle c i>, witli it« luitd «ii tlie pin at b; the a-BtiifsiJ 
forcf at fi acts in the direction a ft, and may be rsprfs*"'" 
in intensity by • A. Draw b e and n d pevpaidkals't'^ 
I »iparaUei,toAB;tb«n •onyresontothohattaaitilil"'^ 
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on the oxU at a tovrarda b, ami ii <i iht Tcrtical »traia down- 
II7 tlwwiitailfMn si. SiBibrfy.fwaiqr 




Mkar pMhiooof tk« muk, a tr, AtlNfiMnldaBdTWtiiail 
fenet, a e', <i<f , u« de*«lopad. In tiM pMlUoB a d, at 

half throw, the foir* i-i nilirvlj vertical, and the horixontal 
clement vsniihes; the same may be said of the poaition 
a O, on the opposite aide. At the dead points a, b, on the 
cootnu;^, tb* brM !• Mtini/ borixonUl, and tb* rartieal 
drnnt bMMnw mdii^g. Tkm, thoiig^ tkt eMtnl bre* 
be comtaat, it« Wtiratal aad vwtical aelion an vsriabk, 
and alternate in tneh a manner that the horizontal action 
is greatest at the de.id points, ar.il vajii'hcs at half throw, 
while the vertiral action is greatest at half throw, and 
finitho at tb* dead points. 

Tba horisoBlal Imwm danlopad in tha ancBaiiiwi accala- 
Rrtini and nUidatioaar tlM pblan ani Ha appiadagaa vaiy 
in tha aanw nanner aod at the same mta aa tha hatinwtal 
•lanaBt of central force; tbejr are gnatest at the dead 
points, where the piston is to be startoi! ami ^t >;>|>"il. :>ti<l 
▼aniib at half stroke. The liorixontal aciion dui- to tlie I 
piltOD Is, in brief, emirifupal font, traatinj the xertical 
rimmti, TUa ia tb* aoioeidaDae to wbidi Mr. FeniiluH^h 
aUnded in bia rtidanoa, iwfemd to in lait afanfilar. 

The dIstiirLir.; forces for the left hand cylinder act in 
this Himo way. ami tlioy ujiilr-^ wilh tlK>*e of the other 
pylilliler in uusittliii^ l\u- |irou'ri-*.Hivi- nnilion of tlin on.'ine 
on the rail. In tracing tlie joint action of th»e forces, it 
ia neceaaary to aepanUe th* reTolving masses from thoe* 
iriiidi maialj raiycoaata. Tha eennaating nd partakaa U 
ikit two nttiona, aa It weifca betwooi tka annk and <Im 
croMhead ; one-half of its »eif;ht will therefore be classed 
with the revolving mate, and the remainder with the piaton 
and appendages. 

As central forte nuiee with the distance of the centre of 
gravity of tba nvolving body from the centre of motion, a 
ilud lading tba la^gtb af atank, ia that far wUdi, at a 
matter of wmvanlaBca, tba eentral fiweea of all tba iwolving 
masses may be estimated. W'h^lo tlif crank-piii and tlio half 
connecting rod work ou this ra'liu^. the crank Itself, inas- 
much aa its centre of gravity is nearer the axlu, works on a 
alMrtar mdina, and it Mqntna to ba cadaced in the aame 
catia, «» ft la ll« wmik ^ thil ia^ to find tb* v{Wr 
miant waight, eenticd at tb* pa, wbiAmnldindaaa tha 
aaoM eentral force. This is done by dia fbtlowing rala t— 

RcLB II. — To nfer a ffiten moltitt^ trtipht to lit crank- 
pin. — Multiply the wcii;ht in pounilf by the distance of its 
centre of gravity from the cctitn- if tin- axle, in inches, — 
and ditida bjr tba length of craok, in inebea. Tb* ^ aoti«nt 
b tlia aqufitet weight ia poaada at tha annk>pin. 



Let A B, fig. 1S7, b* one check of an iusiUe crauk, a th* 
aiili^Athapin,aiidolha aiiala daaoribad b|r1ha antra «f 

l^lia. n»m 




a^naStsMltoCMn il CnritT rfOM Qnak. Ii^iiik » imlMt. 

the piOf Tha aMtia <I g^vil^ of tha ahaikia at a, aid- 
way of tbaoma'k, andoovaa in tha cinia «(, with balftlia 

rarlim of tlifl rrank-piii. If tin- orank he 10 inches lonj;, 
and weigh 96 lbs., the radium b a will be 5 iucbos, and by 
tharnla 

10 """^ 

tba cqnlvalcnt wrngfat of tha ctank, reCsmd to tha phi ( «r 

ezacUr one-half of its aetrnl weight. 

For ouniJft wlieel-cr.aiiks of cast iron, as in fig. 18S, the 
metal, a, extra to the nave, formed round the pin may, 
wilhoat material error, be estimated as a semi-cylinder, of 
which tlia aintra of gnvitj ia at tlia cantr* of tb* pto. 
Whan tha whatl-eranba ara nalliahla, and wmag^ faito tha 
spokes, in fii.'. iMi. tin- extra metal eooaiata of tha«*4g«a 
a. A, defined by ilL'tuiiL:. ax the length of the erank from 



ns.m 




Fur independent outsidei cranks, as in 
ilg. 190, the centre of gravity of the eatira 
annlt maj ba fonnd diiaotly bj baianaipg 
tt hariaoBtally am • pivat; ar, wm- 
looking the boos, a, which is not a part 
of the disturbing woifiht, the socket c 
niav bo taki i; ;m '.vifiijlit at the crank- 
. . pin, and half the weight of the part, b, 

<nBSW ai^ ha tdm m aq^alvalnt arat^ M 
Uwyte. 

irnaMflimf Fo/hm <^ tlu D'utHrbing Anna.— La Ohat^ 
liaf^ianhafothoaaiBpl* engine, tig. ISS, are here quoted, 
in English measures; they are 
estimated at intervals of 45'' of 
a r**olntiMi of tb* right iiand 
anak, aoouMMim with 0* at 
th* diod paint, aa aat oflT in 
fig. 191 ; andaratakanteparately 
for the two cranks, tlia simul- 
taneous forces for the left hand 
itei^*dMUM(( crank being estimated for posi- 
*** tiona at right aaglaa to tha 

othm^ ar INT baUnlit Is tha diiaatiaD al 

Far tha angina ii ^uialian, 

DianMtar ef evUnder is It indies; stroke, SS ii 
Crank, II bcMs; eooneciiDg rod, M incbesi 

Whe«l. 00 incHcx. 
Cvlmdi-Ta. 0 ft. 2 ins. Bfart rMrt-t., 
WbocU, 4 It. 7 in*, apart oeattes, ttaasveiHly. 
Plnre and himl ailse, ilik. tOla. 
Oniln of gravity, 3 ia.blhl ' 
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^ iniU at f(in!-wh«5« 

J)Vt do. (Invinic do. 
DlL ito. hinij do. 

Tolal, in ir<irkin;» nnliT 

Wcoglit of |MS>lon ai»i nxl ... 
Cnwilkeiul ... 
CoDDCctinx rod... 
Cnok, 



ictmij rod... 
nlcnwl to |iin 



Tolal ... 

W«i|hl af emnk. rafcnad to pla ... 
Cnuik-pin 



... n imn. 
7 .. 

... a ., 

21 t oo«. 

i7nli>«. 

M 
172 
100 

M 

MO l b*. 

100 IIm. 
M 



1st. 0/tit tmdeney t» PUMv id Rollin^.—TWu is 
mtmd bjr tlu opmid piwiim m tha gaid*-liMi dm to the 
flbliqiu MlioB of tl>« codDMlfaig fod. WHli 40 Ibt. ileatii 

iu tlio cvliiiilcr, umliT full ;;c,lr it vnrir-- frorii 0 at the ciiJ of 
tho stmkr, Ici about 1,'CO \ht.. or 11 rw t. ;il half »ttxike, for 
rachc^'linttfr; byllie eoinbiiuHl a^ninri liftlivtwo rod.*, the total 
npward prcMur* flaeliMtM b«lwe»n 14 wd 21 owt^ indoo- 
iiigTCrti«lpilaf intiHiiIif!ngi^«r(italifaq(t ndtlMdMbib 
•BM of p w M o i wi, and leik, nxim from 1 to 14 cwt., 
four tinM during » molattoa, inducing a rolling motion. 
Tho wider apart tlio cvlin.lers, the greater is the cllVv-t r-urri 
this cauiif, h«c3ui<o tho urentcr is tho lererago latcmily of the 
fluctuating furces ou tho machine. 

SS01lN^«ral>i»ISeirt.,tkein^tof thtrevolTing mim 

referred to the erank-|HD, the foltowing are the vertical pre»- 
suros for speeds of SS and 50 mike per bonr, reckoned posi- 
tivc (+) whw Mtiag doMimnb^ md mpAn (— ) ap- 

wardji. 



Noi LXXXm— TSRnCAL action by CEKTRIFLG.VL lOKCE, 

or A uvobraw mm or s om at thb cuank pik. 









tax c< iht m 

QrliaiUra. 


■ Kr^ 






U) n ph. 






so- 
las' 
lati' 

inr 
air 


on. 
0 

+ «l 
+ «l 

+ H 

0 

-U 

-6J 


tM. 

0 

+ 85 
+ 3S 

+ i6 
0 

— 85 

— 35 

— 25 


-OJ 
0 

+ 8} 
+ «J 

+ 0* 
0 

-OJ 


e«. 

— 35 

— S» 

0 

+ S5 

+ »s 

— 25 


— "! 

0 

+ a| 
+ lik 
+ oi 

0 


CWt 

— 35 

0 

+ 35 
+ SO 
+ 35 
0 

— as 

— so 



B7 tllis Table, it appears, tlie oeDtrifugul action of about 
Snrkw tke driri^ ttle, aUunatelj aide ami nbtneu 




4t *t.1>i!lgi_«ijjp«rowa i l ^ Mm m ii 



afcart 9 ewt. ftoa the pt n a i wi on the raile. on one aide, at 25 
I fm Imir; aod thtvariatieii aauMinto to W «vt. at 50 
TUi w aiHtnlMl ill flg. IM, wban tha iriml and 



erank are abowa at inlerrals of one^foarth of a tnm. Over 
the diitanea « 1^, • whob tnm ia made^ and an oztn half 
twntoli'; fl«bthapalhordia«*Blt»ortlMas1a,a«ldM 
mve-lina e « k that of the crank-pin. The wave-Iinee ai, n, 

are constraeted hj a «calo of parte, from the content* of tho 
2il ;>i.'l ."'1 I'lilumns of the table, and indicatt' thp vai-jiuinne 
of vi rlli'^il ai tion for 2.^ and 50 miles p«r hour, their depree- 
sion below the rail-line showing extra downward action, and 
their eleration ahofe, npwaid aetioa. Thej tbam not onljr 
how the aetfaa fc I ne waaed extra speed, bat alao that the 
upward and downward actionj coincide with tht opillild HiA 
downwaril iiiovi-nicnts of the crank-pin. 

The j'linl vertical aelion fur the tno ryilr.dcrs nm-i-r '.'X- 
ce«ds cnt. np or down, at 25 miles; at C>0 miles, it 
reaches 50 cwt. The downward pressure ia met ij the 
rails, and the ataUliljr ean ha aflSMlad aol/ bj the apmid 
pressure, whtB It exceedi the we^t of tlia wbtela and aslee 
and the tii Mit:;ii u', for otherwise the sprint;'' cannot !h' 
affected. A.'i the « heels aJid axle alone weigh 2 Ioik, and 
with mounting, 2i tons, their dead weight alone Uiihince^ 
the eombitied npwaid preeenre at 60 milea. The vertical 
wUnateodivlMMl ainglf iii man pawarfdi M H riMhaa 
at awt. at SO miles ; and, opeiatfa^ at the and of the axlei, 
it baa a leremge of S to 1 upon the whob dead weight, and 
would bal.-ince it with a furco of 25 dHai leaving lU cwt. to 
act on tiio i<pringx a;id the load. Bat tUa COOld not aiToct 
the compass of the spring materially above h inch ; atill less 
(U the vertical action affect the eUbilitj of tnaida-cjliiidar 
locooieUvct, vrhara it haa leaa leverage upon dw load ; ami, 
in faet, it is not found in practice that the rertical action of 
central force in the locomotive operates as a cause of insta- 
bility. 

3d. LonffitudiHol Fon-and-aj't Morement. — The horisontal 
action of the whole reciprocating mass mav be cslculaled by 
the nilea eoiplqxad br tha Teitieal action of centr'ifi^gal 
force; and in prapoition as tho whole moving weight es- 

ceod? that of the rerolving weif;ht, the horizontal will bo 
found to exceed the vertical actiona. Tha combine<l hori- 
zontal forces are as follow, calculated for a reciprocating 
weight of S40 lbs. to each cylinder, or a total of lOttO Iba,, 
about 10 ewt. Ibr tlM whole I 



TABI.K. No. I.WWIII - I 

An'ii>N i)K THi; 

WlUUltr. AlKJl T 5 CI'. . 



'■> i-.KciraocuDM 



Kaiil Imi 



V 

4y 

•M' 

224* 
SJ<f 

aifi' 



+ r 



Mm.ph. 




Mnpli. 



on. 

— W 

— 123 

— 87 

0 

+ «7 
+ 188 
+ W 

0 



The Table abom that tha atabuad fawiaontal feraa variaa 
from 0 to It tons at SS miles; and to above 6 tolu at 

.11) miles, or 3 tdns to ra. h eraiil; tJr.i '.'.i uiero iucrlj.i I'f the 
mechanism ! These are most formidable pressures, and thej 

to (ha tear and WMW of thai 
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At 1')' and 225*, wLoro tbo action h qrf.i'.fst, tlie eronka 
aru in tlio positiona aluwa in fig. 19{i ; a aud i. beiug Ui« 




ri^ht and left Land erauki, tin action naidu* «t tlw potl* 
tiotu shown in fig. 194. 

same causes whici) create !oii[:itu Jlnal rLiro-anJ-aft mavptneiit, 
and in practice the two resuUs aiu cuiubiiiLil; t!ie JisLiiictiwi 
being that the forces causing sinuous moremetit prodomi- 
nata aiuniaulf with thon awaiDg longitudinal movement, 
mm aihiUtMl ^ tbs anom in Tibl* KXixn^ ItM chapter, 
mai, lartlnr Aama in dit Ulmring TnUt mutM, in tontnut 

TMMO, No. iTXMX - r >\'ni\:-r) wNUors action or THE VTHOUJ 



i. 









¥lm.fJL . 


0* 

00' 
135' 
IHW 
225' 

gro* 

31»* 


— 

0 

+ 

+ aof 

+ 2'1 
0 


— «r 

0 

+ n7 
+ isa 



witft the eonttnia of Table KtxXVin. {irccodin^. In these 

talilrs it i-s slio'.vn that tlio sliiuoiis fvrjus are (.ho sarrio in 
iuletiaitjr and rate of Tariation as the fore-and-aft forces Just 
giTin. Tb» loranga wftk vMdi th^ act on tho wholo 

ir.a?? is equal to linlf tlic d'staiu-n of t!ic cer;troi of cvliiivlirs, 
as iLu a\ii fuuJiJ uli'i./!i ths pLUiJuluus actiuu takL-^ jtlace 
must be at the nnMl'^ ui tho driving aslo. The action is 
giwtwt at 139' and 315°, when tho eranka an in tho poii> 
tiono. flj. 184, aiad reduced io notlinig hi the poeHioot, 
E^. yj". Siiiuoua iDotiou is still more dttrii r.cu til to the 
durabiiitjr of the engtuo than fore-and-aft luotion. 



CHAPTER III. 

JSIEENAL DiSTtrBBISa F0UCE8 ((»«/lHU#(/)— ClECtrMSTAKCES 

iroicii AtriiuT TUEiR Actios, Uesdits or Tuisia Acuov, 

Of tie Pitching Motemeiit. — The resistance to pitching, 
and thereby the atabilitjr, ia pramoled hy i,liifiing the driv- 
ing axlo backwards, towards the firebc x, pi u t ipally beeaasa 
it iucrcas-rs lliu ma.ns of tlio iii:it-Liiio in auJvaik-o of the axle, 
or that which is submitted to tha ubSitjue action of tho ouo- 
necting rod ; the removal of the axle aUo, in eo far as it 
lengtliens the connecting rod, ndnees tho obliquitj which 
is tlie source of tho distnrbanoe. In Crampton's engine, 
l ad ing tho axle behind the firebox, the whole mass lies for- 
ward i while, at tho ««mo time, tho goido-bara, where tho 
Bstiontaktaplaoe^ Mtintfataaii^hWBilMedof die aentnof 



1 £:ravity ; t'lu), tlio oLlIqiio action it Mllnljr OOntroUod, Mid 
the pitcliiog is ezticguiaiied. 

Abv*o nil, tho number and pooitiou of the points of anp* 
port, meetly eontrol tlie pitching. Tiio aptingji, ikn, pnr* 
tienlarly the fore and liind sprin:;s, should be aa etilT aa ia 
consistent wuU liio prebcrvaliuii o: liic iVaiu" aiiil incolia- 
n!sm, to neutrallM the oacillations which may arise frow 
iroperleotioiui of thepamaaent wsy,-— arnib looae alotfe«% 
open joints, or want of correct gauge ; for if thesis oseillatioue 
bJiOttld coincide with tlie action on the guidu-liari>, they 
MWlfOae tho atraining of the machine, and the liability of 
tbo laadi^g iiheola to mount the rails. Susoeplible epringa 
also, for the anmo reason, increase the danger from aoci- 

: Jcntal ol'.HiriiL'lii.nis. 

yerUad Acli«n by th* Ctntrifugal force of the Ilrruhiny 
Weight. — This action may be entirely neutraliaeJ l>y tl>e 
applirativti of soitable counterweight*. Xhia question, how- 
ever, bclu::^a to the more genera! qoestioa of balancing all 
the revolving and reciprocating inaisKs. 

The reduotion of adlieeion, by vertical action, explains tbo 
oecMional slipping of the drirfaig wheda M high apeeda. It 
t.tplaitig also tljo n\n wear of >JriTing; wlitvl-lvi'L^s, wlieti 
vM-y much out of baiauce, iii'.\t llie ciack-jiiu, \vh«re the 
preianro on tho nil b greatest, — producing " flat places,** 
and in cooacqBenea a TCrtisil jolting of the engine while in 
notion. 

LoHijUudinal For»-and-Aft Slotlcti. — Tt wa? fouinl (!.ai tn 
lilt) iMiiiiplo engine, (ig. ]83, a joint lougiiuJiuitl ocsion au ike 
driving axle of above six tons, or tiiree tons for each cylin- 
I der, was incurred at certain points of the Stroke, « speed 
I of iifty miles, by the crank and tho other ffioring masesa. 
Now, llie whole ihos'ui'l- of 100 ilis. jti.ain on a ti.'ti'iii-ii;o!i 
piston does not exceed eight tons ; thus, the inertia of the 
meotnnlsm altenmtdy adds and anbtnets thrao^hth% or 
40 per cent, of lliin jucs^ure, rcdn ':!]:: the usef-il pressure 
to five tons, or tiO par ctuu, uliuu tbo crauk is at 45* 
during the first lialf-strolie ; and raising it to eleven tons, 
or 140 per cent., at 135° in the second half-stroke. This 
enmple ahoira how very greatly tbo tnertin of the uaehi* 
nery may atru.-t the useful «oik uf the or-itie. And so 
long as the whole effective pressituro in tlie c^imder exceeds 
this hiertin,the ooopling bars between engine an l t : ier 
fwnain Uut on their pins, though subjeet to oseilfaitioa with 
the coupling spring. But when the steam-pressare is leas, 
or alioLietljer reiiioveJ, — ^witli a small train, or going down 
an incline, — they play last and looee, owing to the foro-and* 
aft aotion, by whieh the maehino ia alteniatoty thrown for- 
warrl, ami I>ao\waivl oii (lie tciiilr-r. This pxplaiiH tin- futn* 
Tiicksi aud jarring which takes place Lelwfcij an unbalanced 
engine and itt tender imatodiateiy after sliutting off the 
ateam, ia approaching stations, particularly wliero the 
nature of the coupling gear permita of aome play. Tho 
shocks arising from these fore-and-aft vibrations aii' ili ^(i uc- 
tire to tho coupling links and bolts, to the framing which 
cuRiea them, and to the general connection of tbo whole 
machine, especially at tho axtaboxes and guardpktes. And 
the greater the pl.ny of tho parte of the engine, tho mora 
injurious is this action. 

Xo neutralise or soften the longitttdmal aotion, it to usual 
to employ n Inetiao-apriof under tho fco>b-plato of thn 
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mgim or tawbr, to naiiiw ilw dwdn ; ft It rftlur toupled 

to B draw-bar of a fixed lengtti. undor [lormanfiit K'usiim 
Iwtween th* draw-bolu, or ailjuatuble bj a JouWb ocj-ow, 
r-plil nmi left !in:;i| ; in .•ill:iT caw, )>ul}in;| blorks of wood ar* 
fix(bil at .smiKi iliiuiu-i' -A^ti laterali.r, opon tlie front beam 
tt tlie Uiudt:r-fmni«, to b«sr opon the eogint-fimaie, at fal- 
moufiarllwMtraiQf tiMifriiig. With tlwi^MttlMf- 
tmh)^ dM Mlim ■till faiibar, Ihs Inflag Uodn h« m 
iYi» ■ ■ i ll clastic within a limited oompas'i, l>y ths uw of 
uulia rubli'T iprlngs. Counlenreights, als<j, are applied to 
tb« wheeb, and are «ffiei«Dt so far as tticy ; but they 
an, far tlw mott put, raiieb too Ught, m tliey an Mti* 
iiilfti br tho rmliivg tniglit wly. 

ttfUtStnuoiu M«mmiti^A» this aSe«tion of the motion 
of tM ragine impliei tho Ittcral play of the fot« and hind 
\vlit-vl8 ii|\ii] tho ra"l^, the friction of the tv^r,^ u|io:i lUi- rtiiU, 
doe to thi« lateral displacement, a opposed to the motion, 
aod Ml taodmcij il therefore to ateady the engine. Accord- 
mgfjt n piMlkt, »l the lowor apaada, and what tha inlao' 
titf of tfat diltwWag fmm ii hw, nuhba, (fcrnigh 
unbalanced, rant aufltcientlj eteady io respect of sinaoua 
motion. At speeda above thirty milw. the greater di«- 
l;irbii);; forces overcome the resi^'aMiv tu ilu ir ilpvi-bijiMnnl. 
and the aiauoua motion bceotnoft mnie violi nt, the higher 
tlw sptod. Bmi in Cmmpton'a ocdiuar^- engines, sinuoua 
Mtion IwetaM ■tmaUilo «1md ttw apwid iMdm mAy ailtB. 

Many thing* f> to Inercam tlw linnov* motion to whieh 

("n^n;cj( miy l.r [Ti'-fNin.i. il by want .-f balaiicf : such aa a 
want uf paialU-liiiiii of tliu axlu«, uitequal diiiiuoiors of the 
wheels, the wear of rutj or hollows in the lyre*, the wear of 
tiu sskboxes and bushea^ irbidi gira ria* to lonigitwiuial 
■ad tnuuT«n» play a( tbo iitl»fawda «4 on tlw jegnnlii, 
tlw ODtUoo of iho nilt, and •omtiant » want of aeenrary 
in tho •dJnitUMOt of tlw dniMtlM. When the axles are 
not parallel, but inclioo towards ea<:li uil.cr on onx a.di- nf 
the engine, their disposition is to roll the englrie t'onvar.l ii) 
» earved path, and always towards the same le. cau<..ig 
porpoUnl wllisions betweeo the flangai and the rail. This 
oUiqw tendeney is injuriooa eitoogh on tho atnlght parts 
of the tine, but it is much worse on curves which diverge 
towards the other side, and increases the liability to get ulT 
th<? rails. Til'.' Bamo tTiiil-jiiny is caiHivl by wheels of un- 
equal diameter uu the iuuue ails. A>;ajn, when the tyre 
WMia hollow, the outer part, originally less, is left, larger io 
diametar than tho middio of tlw biMdth of tjn. This 
ttato of wtaf monta tho twtion intondad in eoning the 

tyris, ai tlie pji-iMl-'St iliatiicii-r, inilrrnl of loin;; next the 
llau^^i:, ia &Lit'it:il tu ihi; uutaidc; iU;J, »:uTtiaa a properly 
coned tyre constantly seeks to maintain the wheels in the 
centw of tha tneh, • hollow (jno loads ttw nfjm oonlinn- 
■Sy artny, and aolijotla it to ainalaat tmm&m aeainit 
the rail. Plaj (Iwaiibt and ailolioiea, by giving scope 
fbr irregular action, W> nw r l» what without play woald be a 
simpl' strain tir Hi xun:' of the guards, into shocka iijkih tlu' 
jountitk and wheels laterally. And it must be noted that 
though tome degraoof flotihilily in the frame may be bene- 
£stal finr tiw «nqr worfcmg and Myuttmont of the machine 
to tbo taib, i^wn io good ofdor, it la a v»ry dangerous 
accompaniment for a slack and unsteady •iiu-iii". Thai 
thoM) varieties of tear and wear are all productive of imttea- 



11 dinen, H provod by the superior stability of *Mv «ngiM^ 
I ^^kil iup«rtawaUiiptothairsMi|gii^«ndallilab««rima 

taut. 

The means employed to reduce tiie f jro-ari l-aft iiiove- 
msnt, ap«rata also in reducing sinuous movement. A great 
•EtHuion of tho whotl-baao haa also Iwvn employed with 

Ibmit, hn w aa it ndiata tha amidar play of tha wheels 
hitiPHa tbo nila, and Ine w a a a a flw aa a t m a n d of t&o leading 
wheels in conirollin:: erratic movemerifs. by tlmir frirtioiial 
resistance transversely on the rails, hi Crarnjnoirs eiigiiiea, 
which carry OVt this principle to its limit'*, and impose tho 
gnattat loads opon the oslioma whoala, tbo uia« of nuttor 
in ndvsBos of tho immg aila, stiD lorthar pfsaataa ttw 
•tabHtty; and theso engines, though they may not bo 
balanced arlifieiaJly, are practically steady at sixty mile* 
pft hmir. Hut the f,"'*'''" sprfad of wlit'cU. tho'.i^'h bcnffi'-i.al 
on straight lines, is prejudicial oa the eurvea, and particu- 
larly in passing into aidtngs ; for it is plain, that tho tu- 
thsr apart tho oxtiaBW aalin, tiw grsator ia tha angta at 
whiah tho loading whsoi-to jo nwst a tho ontsr tafl on onrvi^ 

and the more severe is fbc Iiibnur nt n;iuJIti:; tl.'^ t!iiL;Iin'. 

The springs betwu'ii cii:;ii;i- ami li,-iiJcr, tli(ni,'-fi ii.n'ful for 
ridii'-i!i:4 forcaml-.-vft lU'ilion. have been iiitru'l'icc 1 
chiefly to meet the horizontal oacillatton. But, it >s clear 
thatt in BO far as they, and all similar appliances, reduce this 

movement, they tsod to oousoUdato tb« ong'uM and tondtr. 
and injuriously to htonaao tho lenrth of food wlwol-baae. 

A draw-spring between engine an ! t.?iiiior is n':i dcibt a 
good tiling; but it sliould be employed r^tlici Ski n iimte 
carriage-spring, to soften the irregular motions of tlie ten- 
der haelf. Tho wheeMMses of locomotiret are abundantly 
long OMHigli Ibr the Mr pwpoiea of » eMxtagik «ni tl b 
mechoniodly OBsewid in principle, and inexpedient in 
i practice, to diwrt them from their legitimate fanstiou ; for, 
u> M. Le Cliatelier most justly observes, "it is only in a 
, direct manniT — by attacking and destroying Uw eaaae itael^ 
I — that we should seek to astli^gplah tha htanl oadllatloa 
of loconuNivea." 



CHAPTER IV. 

LiTxaHAK DtsTrasisa Foaczs (con/ifli(«i)— Mcinoo or 
Baumum si OMiifiiKtniunL 

Ftwm what baa been stated, the longitudinal and lateni, 

or horizontal action of tin- inNn.nl firc ^. ar.j lli'istt alone 
which materially alfeet tbti suUiUty of tho engine, and it is 
to the correct balancing of these fi>rt:«t that we ha*o nmr to 
direct attention. The aetioo of tho rteipncatiiiig miBia 
waa IbnBd to ba identieal with the hnrisontal aetion of 
the revolving masses, wanting the vertical action of tlie 
latter ; tlicrvfure, happily, the same means may be em- 
].!iiyed to balance tlio whole rfv ii-, i:;l: .nid r'. iprosating 

1 widghts, — namely, I'vniiJiough's nicib si o:' ci ijiwrweighto 
sttsche<l to the wlietle, and oi ii'j^- 'l I" the cranks, and 
tteiffitjf timgk t9 Mmm ait mtrt^ at* erani, pin, and m&- 

\ half ika cimmilGit§ red^ tut Ob* Mtf «A*f half, vitk 'A piitoa 
tthl iijpmda<fei. That pait u' ilu- C'n,ir'-r-'V'_ii;ht wliich 
j{ tialanocs tlu |>iston, developes, of course, a supt>rtluout ver- 
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tical action in viitiip of its ccntrlfu^.il Turco ; but Tftrtical 
action, we bare aeeo> ia banutets to the stability. 

Were the M«m* to b* applied at tlw earns part of the 
axle aa thi> eentro of the crank-pin and cylinder, the aame 
counterwci^'hi wouM exactly destroy bolh the erratic move- 
niMta. longiiudinally ami laterally, caused by the mechanism. 
Ib pnetioa^ bowof sr. witila Ibe weight worka in tba ttatn 
lida of tha tyliadar, ttia «mnterweigbt is, Car aanTtnkiiM, 
applied to the whc!o!, Letwiicti tho i<pok>j8 ; and as einunu< 
niotioD ia caused by and iiacr«as^ with ibe leverage of the 
swinging maasea, which ia measured by the distance of their 
line of action from the middlo of the axle, it follows that, to 
have perfect equilibrium laterally, the counterweight for 
outaida cvlimlpra must be greater, ajid for iiisiJo cvllmkra 
Ian than the oioviog waigbta referred to the cnwk-pin. 
Wlmaw, to iimtnUa* meily iha honitadiiial aetion, 
which in imlcfieDJfiit of leverajre. an oqual cnniid'rwfiphl, 
referred to the uauk-pin, mast be appLol in all traMn. It 
will be abown that some latitudt may h» admitted in prac- 
tice, for the mntoal adjutioaiit of these olaiii»» after iaves- 
tigating the condltiotw of lateral equilibriiiai for dllBlrtDt 
daraes of engiiip^. 

Ctmditioiu of Lateral Equilibrium in OuUidt-C^/Umitr 
AyiiH».— Let A, B. Itg. 19fi| ba tbt f{jUnd«n of our 
sample engine. ft;j. 1S5. 
c, I', tho *kee!s, aci 
E F, tiia eentro line of 
the axle; let « bo the 
wtiglil of tlia pittOB and 

ap[Hnicla;;(!S, caiuicctiiiir 
rod, and half tite craitk- 
fttt which act in tho 
centre lino of tho t^lin- 
der B ; and e the weight of the inner half of cntiik pin, and 
the crank referred to the pin, acting' in tha lioily of the 
wheel 9, Then, overhanging the wheel o, acta partly 




n 



(ft).' 



I 0, acta partly 1 
nml te m* I7 ! 
•idM of tho two 



an iha wheal 0, md kt parfkft bahmo, 

suitable coiiiitf rwc'^'lita, ir', ic", on ojipo'^ito 1 
wheels, as i'.lmtratoJ in fig. lUti. Tlio 
arrow* w. w , w , lii:. Ilt5, show the action 
at the aiie in resisting the three eentrifngal 
btwt developed by these eoanterweighla 
in motion, anJ wliicli ulsu lalanco at all 
speeda. The eouaterweijjht w , tig. 196, 
Hftfied to llio «nnk^, » gre^r thao 2S£'p,^err"^S 
the wt!;;ht tp, by aa much at Mbmd rndttmrnni^ 
to the crank-pin ; that is 

ti' — • + v^'i ttd thtraKwe «^ nf >• ifc 

Also, tlie product of tho Weight hi', by ita distance along 
the •xle-line from tr, is e^nal to that of te" into i|a diitance 
bm « ; or, putting the widlli ifeit of tlw ejHn dw WBirea 
s, and tLat of tho wbeali^MUNa B il, we havo 

J(B + A) -J (n 

doubling both aides, and patting for w" its value as above^ 



tliat Is, the wi>i.,'Iil ic*, roforrcd to ti.o craiiV-pIii, is eq-.ia1 to 
le multiplied by the sum of the widtha of the cylinders and 
wheals, aad divided by twiee the width of tho wbeeb; w*. 
likewise, is equal to sv multiplied by the difference of widths, 
and divided by twice the width of wheels. It may be noted, 
also, that the two weights le', v", on the near and off wheels, 
WO to each other aa tha snm and tho diSirfiMe of tho widtha 
of (jiniden and wheels. Adifing tin iii%hl of the onolt 
nn<l lialf tlio pin. r. a.i abov<;, wo bafO i^<f^«^ far tho whclo 
counterweight ou the wheel D. 

Eeaaoning in the IMIO wtf tat the cylinder, a, we should 
find for each wheel two eoontcrweights. the greater = w'-f e, 
to meet the action from the near cylinder, and the less 
— te", at right aii;:le5 to it, to meet tho action from tlio off 
cylinder, referring overjthing to tho crank-pin. Thus, io 
i^ua ^.197 ehowfaigthofighlhiiiid 

whet"! D. from thi? tn<iicl(», the 
larger u eight would b« located 
at e, opposed to the crank, and 
tha sffialier at at Hj^taaglee 
to it, and eotneidhii^ hi end 
virw witli llio left hand crauk. 
Theae two weights may be re- 
plaeed byn eingloweH^t ttfl^ 
of which the magnitude and 
position are given by the dia- 
gonal 0 « of the rectangle formed on the two sides 0 d, o e', 
proportioaed by any convenient eeala^ to f S fi e m t I17 their 
lengtho die vespeetivo wrighta «, /. 

Afiplyin^r tliia process to tlie enjun' liiforc u«, tlio total 
weight IS 54U Iba, of which w 423 Ibe., and e = 1 17 lbs. 




n — * 



2* 



Thus we have 613 Iba. and 731ba for the elementary coun- 
terwoighta in endi wheel, for which the aiqglo eqnifalint 
eeuntorwe^ht is found by the proeeae of tho loetaagle to lio 

617 lbs., rctViii-d tij tho craiil,-piu, jdi^L'iJ at an inclinatloa 
of 7° with the lino o e, nearly opposite the near crank, and 
leiMvdb tho off enok. 

In practice, u shall afterwards be found, it ia not neces- 
sary, for outside cylinders, coupled close to the wheel, to 
take account of the greater widtli apart of the cylinders with 
naipaettothewhaelB: nor of tboaoiallaogleof diverganee 
of tho counterweight from tbe eanira Una of tha cmhA pre- 
duced across the whtcl-cL-ntic. It is sufEclcnt to apply to 
the wheel directly opposits tho crauk, a wuighc to balaoco 
the sum of the reciprocating weights, at the emSb^fiu, 
which is, in the example before us, 540 lbs. It is only in 
eases of extreme diflWenes of widths, that the foregoing 
method of investigation need be empk>yed. 

(hitiith-t^fliitdtr CMgpM A^sm*.— X beee naohinos, with 
eeopled whoab, are the moat nnalaUo of all, when unba- 
lanccfl. thf ocuipliuj; roJa iucrcoso the usual revolving 
and reciprocating hiash fur a siiiglo engine, to double the 
■mount ; and the cylinders, are farther apart than in single 
to admit the oonpling ndi inaido the oonnoeitqg 
Moreover, the wheele are of enmller diunetar, and 

dpinauJ iiioru rapid rcolprocatiuna of the jilston for given 
speeds. The oouuterneS^hts are consequently enomoas. 
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In th« goods enginei made In- Gouin&OklwtlMl^^t 
mOmj, if. 108, witli four wheels coupled, tlw OUMW to 



n 



, r 





7Qi_ll lUfe 


T-i'V 



be lia]anrc<i, rt'f>r: > i! t u t'm i-rank-|>in, WIN llT tilt 
(iv« wlieok on each side, ai follow : — 

Cnuik Oil 11)9. 80 Ibi. 

• Jto 73 B 

Centieeting rod, ... 2^ _ 

Fmtcwi 401 ^ 

CoitpliiS nxJ. 20!) lbs., ) 

4n«iilMitod bctwaea Y 131 88 

RSOlb*. isellw. 



Total for each liik ) 



10D7lba..atftltrS|««l*- 



1finih«WI« onlv 5 f<.-«i S iadiM, Hd lai^ge mvct, mm thao 
tlvM ipMM b«tw««a tlw amw m n^uiW to oootain the 
UImwiiuuwwij to ««et tlw kri <b On iiMtg olml; It 
it bettar to nlwva the wlioel by transferring on«-ha1f of tho 
owmtMwdglit tut the reciprocating maMm, to the leading 
* ' Th/t neir * ' * ^ * *" 



Total. 



One-lialf <>( lliit. or SCOlbs., is irt hf balaiMv l :il lli<- fon> 
wheela; and the modilied loads for the respective w}.i-t<l», are 



OriTinc "heel liaKl — 2f.O), 
* " |wheel(I0O + 2«>ji 

ToUi, OS bcfora. 



... G:r.\ IK 
't.Mt Iba. 

.. loorll* 



This transfer of iuty only increaiw tlw kboor of the coap- 
Jbtg nd to a ■nan oiteot; waA it hM tho adTinta^ of 

distributing tlie rertlcal action of the counterweight be- 
tween tlie two wheels, and reducing the local wi-.ir of the 
wlifiO tyrfn. 

The outsiJc-cvliuJer goods-cngine, Crcwp, (plate 21), 
Tvith four coupled wheel*, eontratto very favourably irith 
tlw aqgino now diaeuNcd, w tiw total weight of tho dia> 
taAfaig maoNo ii SMHw., or 4 ewt. Mlhi.,— only eno-half 

nf the n;l:i I'. This elinws what can hi? dunt' hv r» '-nrfftil 
stuiiv uf pn.porti IIS, ;iii.l attcnli'iii tu th'j rtal iicces.iiiies 
for strfii^-.';'. I'f [irirl-i. 

Six-cuupli-il-wheel engines involve still greater diatnibing 
■Mwea than those with four wheele coupled. In the gooib- 
•nigiiMO of thoKotthoiQ Bailway of France, fi;:. 199, with 
4 tun whaeli, l^Samot U <M], tho mi^bu were, fur each 
•Mo of lha o^^iit^ M Mb* ^— 



DtiriKj;, «, ^ ^ 

WjBg,... .„ 

Traifiqg, „ ... .„ 
Total. ... 



m 



I090lb«.,or0}ewt. 



In this, aa in Goninla togina, tlw balanoo bt thk naipio* 
mint ho diatoibniad c^ljr ( 
tho auat fttoonble aetion. 



A 




a 




0«|jl*«C)»ll*fO:oIirn;ir,l,) Tl-r.>:r .t,l Cll. 

In the goods-en^ino of tlio Cili'.li'iiiau Hailway, with 
cylinders 17x24 tnehi», ami ^ix +i fiot coupled wheels, with 
the hindwbtela behind the firebox, andanaiigodothenriaa liko 
Denano and OaiTs engine, tha diatarUng n aiia an ma 
j:rea(er than i:i tlii>'. :ind amount in some of thacilgllM to 
lUicwt.forcaili cylliiJcr. These rn;;inesarBalr«ody partially 
balajiced bv counterwcl_'iits r.:u uhiii;.- to "i] crtt. uu ia,Si 
aide of the engine, and cquivali.iil lu about Ci cwt. at the 
crank-pin; but they are very unsteady laterally, and it 
woold bo dUEeult to plaaa than in oompUte aqaUihrinB. 
Irnddt-e^UH^ JS^fM— Let An. Hg. INNIb ho 
Tyam fs^iiTi^ tho ^lindera, c, d the 

wheels, and a r, the 

i iii'.r'j liui' i.if lli^' uthr ; 
if w hv the disturbing 
weight for one cylinder, 
a, raliemd to tha crank* 
pin, it nraat be oppeaad 
iMBsrai by two weighty »' v, 
in tho wheels d, o, as 
showt hlig.S01, on the f.w •-' y'l'h' uf thr .ixtc, and together 
eqnal to tin' w.'ii^lit tr. 'I'lifii v = tt + te'i 
and making u anJ /<, tla' il.-Uiiccs ajiartaf 
the ^linden and tha wheel*, aa bttott, no 

t?I |(»-»)«'=»(» + n)»i^ 




mm 

*' 1 



C ;Vml,ri, 
«4C&9 



whanee, reasoning as before, 

«* _ .* + 'Lu., and uf' = 
1! A 



that is, as before, tho near weight ir', is equal to the di«- 
turbing weight », multiplied by the sum of tlip wiiltlis ul 
tha ^lindeta and wheel*, and divided by twice tho width of 
tho whiab; and tho off walght, «r, la equal to w multiplied 
by tho diffanneo of the width*, and die idod by twice tho 
width of wheela. Also, as before, the bolaneo-weight*. 

te', on the near and off whcih, are to cai li n-! . r as the 
sum and the difference of widths of tho oylin li-ra aini tlio 
wheels. 

Finding, in tha aama way, the balance-weights for the 
other eyiindar, w« ham hi aaah vhaal two walghta a^ul to 
ti' and a^ af wUdi tho malar ia amaaad to tha naar 
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eranic, uid the leas is at right an<;Ies to it, and oppoud to 
the ofT crank, or juat the rotrerte of its position tat 
^lisdus: H in lig.80S; ahowing 
tht n^ihte for ilw right hud 




9m« »d, 6 e, r<!|>re9ent the 
rienientary vtishti for i!ii> rii;!.', 
band crauk; and tho dlagona), 
• I, tht mgnilwit lad dinatloD 
•f A» imltiag «oaBlMiiMghl, 

Far oxaniple, let the total mm qinini Wiyw n Mi 
might of tho diitiirbing masses 

irererr«il to the crank-pin, be a9sui::<-^il :U >' tO IV^., the same 
as in the outside-cvlioder aingk engiae alrsadj analysed ; 
tho weights at each vhetl tn 407 Ihk aod 193 lbs., and 
thalr tMnllant ia 4X8 Ibiu at an aai^ «t U(* with tha 
fwtn Ima of tha mar ratak. 

The equivalent countrr*.ri:i;!if ni.iv Tonn ! tifitlimtf icallT 
by extraclin«t the *qw»it' root ui liie mm oi the wfjuara of 
the elementary .vno-i: thus ^/ JO"'' + 13.1' = *28 lbs. Its 
dinetion also i« foand by aeUiog off tha Una «^ at tha 
iadmatiaii fndfoatad hj tbe nttio af tha two walghfa: 
thw 407"*"1S3 = 8; and the counterwcij;ht is placed in 
a direction diTer;5in^ from the centre line of the near crank, 
at tli-^ ratf of 1 in .", 

To iUovt the relative poisitiolu of the coootenraigbu in 
one view, let A, B, 203, b« Aar^ghtwdttft ' 
ia dda ttaratiaii, napagtiTeljr 
ia heriiontBi and Ttrtieal 
positions; tlicn the coni:;i i • 
weight a', for the rijhl lunii 
wheel in tl,o >iir::clii>n 
oa, at l£i f-oni tlid centre 
lina 9A, diverging from tha 
cmk S{ and tha eauilHw 
waight i/, for iha left hand 
wheel I'.s in tl.c line o b, 
18*' from tlio cuuti'fi line PB. 
Tim-* 111" lwocounlcrwi;i;;iil?, 
on the opposite sides of tiie eiigiue. inciiiu towards each other 
ten in side eleration, and their directions c a, c t>, 
langlaafM*, orlnathaoafigbtaiii^l^aa naiob 
aa twiea 181*, or 3^. 

The .m.vLi I'f JivcrjcnrD of tho i-onnterweight fpun tloi 
centre liuo iii Uia sr^k, as found in the foregoing exiuiipli-ii, 
is shown to b« much greater, naariy thtaa thnsa, for inside 
qrliaden than for oattidia: abflamljaB Maaaat of the 
mora aoarly iqui aatioa of tha raipwatiqg migUa of 
each cylinder upon the wbeob, in tha fomor eiaa; and 
though inside-cjlinder engines are more stable laterally 
than OUtsides, it it ttill cif iriiportar.L-c to .tl'lily counlcr- 
weights, both to remov-? tin- fora and ati luotiou?, ;in<i tu 
reduce the internal wejir < f iht- ruechani^m. 

JmM* Qittadrr Gtodt-Ltemttiwm, triA OufU WitiU.— 
Iulda<«]rliiri«r oa^aoi^ irith ceaplod whoaK hava always 
hctn rMnariiabla for steadiness, as the cranks and coupling 
rods outside Imlanee approximately the pistons and connect- 
ing rods. The dimensions and ic1.it i^o poFitioii^ of tliu 
inside and aottido fMMt, ouf^^ to fa« ao combined aa to 




l>ii.liiuc« eerreetly. As alr&idy puiutiiJ out fur iu««cia 
eylindcrt, the true direction of tho counterweight from the 
eenlre, it not dinetl/ opposed to that of tha eranfc, bu at a 
eoaaidonUa aagfa with ita oaBlra Uai^ dipwidwt opoa tht 
relativa Didtha a|«>t a( tha whaab md (jrliadMi, md (Mh 
that, in alda •laTatfoa, the two Muntmrwolghta hielfata 
together; the outside eriitikt .siioiilij, tli-.n. b» fni at the 
necessary angle to form a eorrtc; IcJauce, and lLi;ro is every 
freedom for doing ao, whether the crank be formed within 
tiM whaal, or aaimBataljr, aa tha «ha«l or the eiank aaajlw 
set tn aay peaition on tha axla. 

When tho outside cranks are longer than tha huida% 
tho weight of tho coupling rods, aa w«U aa of tha anoh^ 
roust be referred to the imida aranbfiD, (a lad their 
{(juivalent balancing weight. 

When the bearings are inside^ the coupling rods lie cloaa 
to tha whaala, and may ba anppoMd t» nara ia tha aana 
plana with tham. With eottlda btannj^ tha amliaDg 
cranks and rods are so much wider tluiti ihc -nh^r-U. that 
their extra leveraw must be allowed for; .irul tli: r tiiuivalont 
weight, at till? wlicila, is Ur-vA l.y mull ijilviin tliuir wli'Jo 
weight, for oue side, refeired to the ittiido crank-pin, by the 
width apart of tho anttid* lodib and dividing bgr Oa width 
apart of the whecia. 

When only four wheela are coupled, tho 1»!bm«a reqanaa 

to li'.! lii-l|i'--cJ n lltlli- I'vlri rMii:i(i:r«L!;1it in tli-: wli-rels; 
it tu;iy ;iUu be laUed hy ui'Akmi^ i\i>& uuLj^iiifi craiii^s longer. 
Wlicn six wheels are coupled, there is an excess of balance, 
which may bo neutralised by a bacfc-OOBattnreight to eaeh 
wheel. 

Ib tha lirar aanplad-whaal aagjbMt^ if, 204, made by 
Gonin Sir the O/kana Battwaj, tha total moving weight 




(111 ciu'li lusido crank ia ^lOl His., tlifl wlieels are 4 feet 
7 inches apari c^utrcs, and the cylintiers 2 feet 6 inches 
apart, Tha moving weight to be balanced is found, in the 
way alxaadj daacrifaodt la ha diridtd into 441 Iba,, aad 
156 iha. 6r aHdt whaal «B th^dxMag Aa nmiliBt «f 
wliieh is 467 Iba, rcfsiii^g to ha babnoed at aa angle af 
^^' with the centre tine of the nuide crank. To make a 
perfect talanco, it tlms appears that tho outsiJi? craults, 
which are equal iu iiiiiglk tu the inside ouc^, fliijuKI bo 
keyed at an angle of SO* with tho direction of the inside 
craoka^ and that tha weight af tha ootaida cianha nfutad 
tn the enak-phi, and tha eaaflfag tad, ahadd ba ddlTlbli, 
supposing, as we may, that they act in the plane of tha 
wheel. In reality their tlnmp weight ia bat 353 lbs., or 
1 14 lbs. flifirt, ami it is exactly opposed to the inside criini;.'); 
nevertbeleas, aa the distorbing action it ao materiallj' rs- 
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dueed, the«e engine* ran with remarkable i 
46 milw par faMV, wUb i fxt wkaali. 
Chfiliw'^JwMiatfwfc Tin- u^nmwn4MngiStM 

hj tbe gr««l length of their whiK'l-SMg, which hat in rome 
•KMiplw, M in uaMtcd figure, 2Uo, been mad* 16 fe«t 




Ion?, and in the Liverpool (ps^p IP, antf) IS feet; also, 
by tliu po5-.tii:in of the driviii:; axlo bfliind tho firobox, 
»ud by the gceali diameter of dririo;; wheel, 7 to 8 
f««t. They an picdJulj ttmij at all iptada,— ■ itnilt 
vbidl k dw jahl^J to th«!r weight, the great distanee 
a|iftrl of flw w d w tbe leading and driving — which carry 
tho rrcatt'st part of the weight, and bjr tho rcdacc-il 
working veiociiy uf the mechanism at gireu epvvub m 
the nil. 

Id GFBoiiptoa'a tngiiiea, tlw mboLt 9t tba working xctr ia 
Iihc«l(hia«aii«rth««gr*«f a«dii*w. TlwMatfaaCgm- 

iS»f dtlktrntOm^^ kjiaetirwj lam i andlliiiii* 
eoHMm en which great itreae has been laid, and to which 
nuicti of tlic stability of tho cn^ini! is a'.trilnittt.l. The 
height of th« MutrG of gnkvit^ we tvgAiti as (tractiealij a 
matter of indifference, for we havefoand high-pitched engines, 
ill p^l «( aUUlityt »insteb fu anjr that kafa cobm nndar 
WMtka. Tha paaMaaaf tlia4ii*lag«hailaiat]i«tnr 
i% w» belit?*, the only UngibU csum of t&« aiiiwrior «(•■ 
fciRtjr of thoM engines, aa the unbalanced aetion of the red- 
{jrocafing weights, operating at tlio eitremily of tha 
machine, is completely controlled by the msi» iu fruut vf 
the axle. This is, howoTer, in our view, a very questionable 
nodtntiomg vbatcanba douo aa^iiraot^, aodoartaiiiljraon 
MtiaiMllj, t^thamfhoiof avontanrai^; fbrtiiagnat 
Ingth «f «liatl-hase, vtU loaded at each end, aela aavatalj 
on tbe permanent way, in the p<i«<tn':;>.< ntnug eurve«. Every- 

thitiL; tl-:it iiaa bcm ;.'nitif'l bv lliisovrr Drdinurv iTiiMiu-i, in 
point of stability, can be in«i by the tneana ai pluaug Ui«m 
in balanee ; and it should not be forgotten, that every 
angfata^ Cnraptoii'a imilaMi ahaold ba fittad with aounlar- 
TCighta, not mttAf baaauaa aalanial atabiUty ia daiinUe, 
but also because the internal foroos which tend to wear down 
any engine at work, should be as completely nentraliied as 
pr-saible. We aro not pure but that, liaii the " loii^j-bmlcr" 
engine beeo fitteii with aoiiable e<Hiuterweight«, it wuuld 
IWnained in favonr till this day, for it had much to 
U, fan Iha aiodttatad whad-baaa Air tbe easy 
ft ewTMi, md » th« fiMiUtiaa Ibr aitaiidiag the 

beatiti^ surface, anil incrta^iinE its eraporatiog wlia par 
foot of an-a, »iven with thv .■<aiiu? i-i/o of llriHwx. 

0/ the llvtril'Utii/n itmi Viticul'iliim •>{ Ctmnlrra-dijktt. — 

Osuaterweights, like the other revolving maaaea iu the 
aagiMk «f» taiinid 1* tlw aiMbfin, «o £id tliair aqtdfft- 
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lent balancing weight. As they are neeeasarily irr^aiht 
io Cmip, tba {idlowii^ matlMMb of tiadiog tlw aanln af p*> 
Tfty aw fl wa j 
Tojbti M« 0!w*v »f QnHUg tf • Ootmbrutt^kt in one 

Ml «* Segment, — ^Let a a, fig. 206, 

hf th'i ('fill re Iii>>' lhron4;]i 
the crimk, of tb«> ciriTin<; 
wheel to be balanecl. an i 
• b»d th* spaea to ba fiUad, 
Iwl wiaH two apokaa, oppaaiid 
to the crank, and reaching 
from the nave to the rim. 
Tliia spai'f. Honii to a larger 
scale, fig. ~<>7, is bisected by 
the centre line A a. Draw a e, 
draw d * and « a&d aat off an thiaa 
ItnN, aaa-thiid of tinir 
^ lenglh-f rirs|K-ftivcl_v, a f and 
- " " *$s iuiii Jfiw f g. The point 
•f intersection, C, of this 
MCM.«aMi»K(M» HnawitatlwatntiwliBaAB, 
tha aautra of fwdty <f 
80 much for the geooiatiical pMaiia» 
ttf gravity may bo fooad also bj eatting> a 

^ templet of ur.ifiinii thlekiiesJi tc 

the form of the snriacei, and 
freely nupending it by one of 
tlw <o^Mn^^ aa k %.S(l8t 
s pldiiuBal4lAi^ t, Avppad fivm 
\ tbia aaoM poir.t rf itujipeaaioa » 

\ front of the ttinplei, will inter- 

sect th^ ei!iitro line at the centra 
of gravity, o. Ue verting to 
fig.SOG, and setting oflTlktaHtna 
of gnfitjr of tbe apaoe • 4^ 
thai Imid, it alnnla a» tmn^- 
taM iMiwa bm. Uw awtn of 
tbewhasl. 

■21. In three Seffiwuu, f,,. CO'.t. 
Moj. a intet <*• CcDin <f «n>iif — Find the centre of gmvity 0 
!>»»«"»'■'• ^ counterweights, aa 

above, Ihnogii C strike an arc from the eentre of the wheel, 
ita. M and cnaainr tha 1 




of the ether si'^nicnls at their 
centres c . C . :v* sb'iwn more 
<li*titu'tl_v in iIl;. 21 D; draw 
OCT mi.'idirr^A B at r\ and set 
off D 1;, one-thiid of the in- 

taml BC Then s is the 
ooomMin aaatre of gravity of 

the tlirfu n^iL'inenta, and id 
^U'>i2, or 2t>ti iuchca from 
the eentre of the wheel. 
8d. /« Mm Summit, a. Sll.—Xliia ia rsfoirwi when tbe 
cfMk b oppaotd to » ^dtaik aa ia dw Sgtiia. Fiad tha 
centre of gravity, c, of OM MglMct tn'fore, and b/ an HIV 
find the other eentre c' ; draw 0 1/ cuttiiii; a d at D, tlw eom* 
niiiU cvli'.re of gravity. 

4lh, In four SeffmenU, fy. 812. — Find, aa before, the 
Mlm Ob«,ir,g", of dw avuniit draw tf'if tmid'c, 
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cutting tlu Iks A. B i biMtt tlw intiml 
fgf titt tammau •wit* iigfm»j. 





^VI.i ii tin; roi;lil> r«i:L;1it Oi!CUpi«S only It p»rt of lhi> 

ipac« bemmt tlt« uvMj tbe centre «( graTity may either bo 



nj.ni. 





llnriU U LcCJ UMI C«o!l!« ' 



foantl ai nl-ivo, «r ajij»niiiniat«J to by bi»e«ting its ra<liai 

Wntrc- line. 

(risfentoMi ^lk$ ngmrti CSMirffrmtfaU. — ^HAviiig fimnd 
tht weight to W blaiMWl in th* vfasci, nfemd to tha 

crniik-piu, it may be tliciic-' referred to thn eciitre of gravity 
of the eountenveight, bv i)juUiplyin!» it i v tlio length of 
rniiA-. mi dividing by tlio dinUiiir,. nf tin.' f"tilri- "f gravity 
fn.m the centre of the wheel. In tlie sample en»in«, fig. 183, 
tlif wt ij;ht to be balanced was found to be 540 Iba^ re- 
fenad to tilt cnutk-pio ; and if tlw OMmtenreight be in one 
MgUMM to lill «a a|Mm, ito €<tttn of gravity is, by the 
flMthad jiHl tfim, at SS inch« mlin, tad. 

the required coanterwoiglit, — in tlii.t f-asn .'xrirllv mio-luilf of 
the weight at the pin. To find the proper tiiickne«3, if it be 
of cast-iron, and formed exactly to fit the space a e, fig. SOG, 
tUa apaM hM 191'S aqnm imbM mm» Hid m <aat iron 
wish! •86 lb. per eabie biA, ttn^aSiw 870 -»- -26 - 
1038 ed>ie Indiia of OMtaL N«ir 1038 191< •=> S i 
inebea, the reqnbit* thieluieM of the counlcrmight. 

If it I)c- of lead, which !■< r ;ii;ui i-3»t Iron in the 

ratio of 1 to 1-6, the thicliiiew will be 5 4 ■*■ \ G — 3 4 int. 

Again, if, in the aame cogino, the wei)(bt ia to be 
a^iiUlf diatriimtod ia thno aagmentJ, over threo atin 
, S09, tk» OdHMMtt o«ntr« of gravity woald In it 



S0-8S, or soil iochii ndiot^ nwl «Ih 
wontdbo 

•jooi 

UMimitod arw of aarbea mnld bo 191-5 X S = S74 S 
ioobm, and S8S •fS ~I006 cubie kMlHt«(«Ht4nB n- 
qnired ; tharolbn 1096 •*■ 1-9 indiMi the aMoa- 

aarj unifom thleknoM of meital. 

Our ii«xt bueiocta i* to ehow by cvp.Timpnt to wli.it 
I'X't 111 :\ fftmpsYiTOi'se may bo eBecte4 Iwitweeu the respective 
chiniH ■>( lon^ituilinal aod lateral diitorbanoea on tho rull, 
io th* anyiMtmont of tlto«ouatit*aig)it,and to gifo ■ biibi- 

Wof rolia far mttiac 



£xrcitu(E»TS ojt THB BuMasa or LocoJionvBS. 



ErptrimenU of II. iWiaa, 1848.* — One of thete cx|i«ri» 
IDOOto WM UHldo with an inaide-eylinder engine of tho foU 
hmbag iSmmta m {lyliiidefi IS ioehea by SO indiatnilia» 
SC inches apart centres ; drivinf vhaila, 9 iMk dtawttr* 
leading and trailing, Si feet, and II foH apart. Wolght 
of crank, referred t'l lli'- piii, t in; h^'J nf conufctiiig rod, 
lSSIb».; crank, connecting roJ. jiiatoii, anJ appendages, 
400 Ihi. 

Coootofwoighto woTO applied at 30 iaohea ndioib botwoan 
thoapokatof Mohdriiidf wliaal; and to bdaneo ISt Iba., 

the rsToUing weight, on a 10-inch ciank, 1 5S X if SI iha. 
was applied, and tbe engine suitpended from the roof clear 

of the raila, free to vilir.itf .inv way ; tlii» i;<'tii,nfii^al udion 
was perfectly balanced, aa there wa« not tlto «liglit«l vcrti- 
eal action, even at S50 tnms per minute. The fore-and-aft 
motion was, howovar, daeidod ; bat it ww entirely deatv^od 
bj a weight of 100 X if 138 Iba,, hdandng tbe tnOn 
moving weight. In thi$ case, again, the cxct?? of n utrifu- 
Rikl force eaueed a vertical action of the macliini; ; .id I iIhto 



hifirnMo flinuou3 movunifnt, o'.vir,'' to (In 



.'n.-iilcr 



leverage of tbe baianoe-weighta, being double that of tho 
pistons, &e., measured from the centre of the axlOb 

Aa Sllha. wae too l^^t, and 138 tha, tao betij* • 
of tkon ma appHad. (IS3'l-S1)-i-«=.9tlha.: «ad tbo 
engine was set to work on tlj« ra^!^• with thie eoonter- 
weight on each wheel. Sm li wan tho iitiprovijd action of 
tlw engine, tliat, after a twolvciii mii1/h work, there did not 
appear ttie aiigfateat tear or wear of the draw-^^ear ; while, 
fonnerly, ev«D with ba&ag and draw ipnitga, tbo boltiwvn 
lapidljr. Md avail tba fto^late «■ «oaMioaa^r MM 0^ 
otherwbo atniaad.^ 

JStipmaMrft tfM.Lt (AotiriMr.J— it tht wtiikAtm <f 



* Quoted in he Clulelier'i work on Slabilit]:. 

t TbtWEfa tin details </ this experiment «how that K. Nollau was 
ia die ricw tfiieetlai. it is plain that he did net lesegnise tbe diridgd 
action « each crwik and iu apjiendagce ia tba two wheeb, nor Iba 
i>ece<«ilr, fur p.^rfxt oquifiVioBfiif phriag Ibo jWaaHfrW(||b|» lH 
on aiiiiiL- with thi' c^Mitrt; 

Le CbatiJtDr to work out. 
t flwaalharhaai 
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RAILWAY JUCHmEEY. 



file Oripatia 'RaiJrtay, an cir.t^iile-cytnulcr ! :U[;-bi..ilc-r loon- 
iiiotive, like fig, 183, WM (twlj wispended from the roof of 
thebu(Uig^8iluhMel«w«f tl»tlliI%lijnpM ahont IS 

Crank, refemdtofbaiAl. ... 0» 

CooiMctini rod iffi) 

rUton UM rod, 17-1 

CroMiwMl, 

TlimgauBtenraiglito««««|p|)1!«di let, • Umik of barf, 

nKich filled nearly the wUole spaco op[H)^«] J t i ilif cr.ir.k, 
wiii weighed 141 lbs. Its centre of gravity vvaj ii.cLae 
from the centre of the axlv, and as the length of crauk was 
11 inehea, it wouU hahoM a weight «f 998 Iba. at the 
erank-pin, bt 

11 

2d, two extra woijhts, together eqaal to 88 lbs., were placed, 
one on each aid* of tbo fint weight, the eewtra of gnvitjr 
of Mdi bab; t8| inelM from tfao wntn, and thrtr tooutMiii 

centro of ^^rrivity SCj incliee from tho cmtiL' of (ho nxln; 
they would tiierefure balance SI 2 lbs. al iliu ciuik-piu, lor 
88 XS6}-^ II = 2121b«. The total counterweight was 
tin •^airahnt to 938 S12 » MS Iba. at tha erank-pin, 
wUflli it lomowfaat io oaaH of 519 IKs,, tho we^bt of the 
moving p.-\rij. 

To regiatcr the horixontal Meillattoiu, a penoil was fixad 
la tha bnffei^oaa, wliieh tomnd fJw Bovemontoa s ihaat 

of paper placed below it, the paper being so dis pon d aa to 
yield to the vertical movements of the penciL 

ObierTations wero made at vartoM apiail of the engine on 
its driviiig asla^ mp to thno tnrna f» aaotod, or an tqoiva- 
lent of 35 milea per liowr on the rail, nndorthree eonditiont, 
— Isi, -witlHJiit any i-miiiti-rn-,MrI|( ; 2d, with tliu [Sirti.J 
balance of 333 lb«. referred to the crank-pin; 3d, with tho 
total balaaea «t M lbs. Tboogh tbe speed was limitod as 
above, it was established that, in the same state of balance, 
tbe extent of free oscillation was not affected bj speed, as 
(he diagrams described by the pencil were the same for all 
observed epesds,— an e«perj«mitsl reeult which was plainly 
pridleabla frem the natws of moving foreaa, §», though, 
at hii^Ii' t' ."^I't'ol^, tilt' inf i'ii^ity of the di»torbill{ ItMawas 
increased, the lime tar each oecil- 
bUion was also shorter. Fig. 213 K»i. 
coBtaiaa MLm oopies of the ' 
OMiIlation • dtagranu obuined. ( y 
>'o. I was de««ribed during' <-hv (u-e OKituioa.DUir,mOwi 
aotioo of the oiaehitte, without 
eonrtsrwoight ; it is dliptieal ui fbrni, and ladieatea the 
r''f)ihiiU'il aptiijii f'f ths twc vriryit;;4 f<<rc«e, which caasr fu L-- 
and-au luuiau) luid sinuous muiiuu, it! the directiouis ut' die 
•Jot-lines ab,ae, respectively, and showing a range of action 
both waja of about id ineh. Ho, 2 was described under 
tha infloenee of a partial balanee of 88S Uie., which, though 
much below (he equilibrium-loud, reduced the iTin'_'<' "'action 
ciliMr wf to about '08 or inch. When the full conn- 
tsrweigbt of 54S lbs; at tbs ersnk-pin ms applied, fha hori- 
zontal o«'i1iat';on wnt I'fT vtu.ill}- exlinguisliod, Sitd ths ii^ 
j^rani, No. 3, duiuiiieu uiio a isiui|ile jtoiiil. 



Thfv.f rc'iiUs show not only tijc niiture and extern of' 
di-*turbiiig action, but the efficacy of couulerweigbt* a.;, 
tinguishing it. When tho engine was placed on tb? r;t 
with i(a ooniiterwcights attaclicd, it raa with stesdomt 
SO to tiO miles (wr hour, subject only to stmeks ftai i 

iiii|irift:'li'^;a Cif lliL- way. Tliu balatl lipfn:z f'-awtjj/j 

cuj^ine resumed its cuatomarj oscillatory rooticma, twluft 

oonenssiog tbs draw^fsar, and wvMog tlw aprii^g SNist 

much lower speeds. 

The experiment was repeated with the siuao resnlti, <n 

six coupled wheel goods-engine, with outside inclined crL. 

dert, and i feet 8 inch wheels. Thia siaaa of 

had been fonnd Ter%- unsteady on tb* nuts, and n^iM 

fn ijii. tit ri'[iair. Cuujit'/nvri-liU cr)iilv.ili rit tn HlKv- 

al llw iTduk'pm, wvru «^<juaily distributed kei» <'.'u tbeiirr 

wheels on eaoli side of the engine, well worn by long leirr. 

tliey were plaoed exactly opposite the craoko, tk« Mt 

weight being less than would exactly hare bahaeej 

engine. With a train of 44 waggons, at 30 miles per Lir j 

'the eqgioe ran with steadiness, though the wiiedi k | 

already been wsiUwon bjr hnf serriea, aad the sihlm I 

had crjiishlvniMu plav. Tho «mntc-rwei~ht.s beiriir ten ti. 

the FD 'iiitt was a^am sot t<.i vturk widi the uiue tr.^i:.; i: . 

\> 1^ tli> 11 foand impoasible to exceed a speed of 2.) mils,* 

the euj^ios imn a» unteadilj, and was afreeted aitk nt 

Tiolent oselllalion and fin«>alid-aft itiotiotL. 

Simiiar experiments were ms'li>, mi tht> NL rilicrn Biiiw 

of Fiance, upon a six>eoopled wheel gooda-on^ine, viiliM- 

sids lieriaontal ejlindon, hf anspsndin|( h ia thawoffahfi 

When unbalanred, and j-nt. in motioa, it descriW 'h 

v^«. m-u curve, Cs. 21 i, al the buffer-beam, afwur; 

a cotiipounii la(r-r.il and fore-and-aft ribnt.*. 

I eqaal to about i>inch. A eoonterweigiitt^ 

- valeot to 8f(2 lbs., or about seren-e^^ ' 

, the wliole weight v.a" :ij (.J!t-fl on each 

o«ii>iaini>-U3^>«<, of the oueiue. The engine had juit iii^ 
Imm Bi<i^ liiiiiin ^ #11^ 

tamod tn for Npnir, on aeoount of the {i? 

at the bcariiigii and other parts, and was thus siwhr lUT 
unfavourable cvuditious fur tho trial. It was discomKli' 
from the tender, and, with 4 fuut wheels, no al(ffi! >< 
a j^Msd of 40 wihMi per hour, with aatisbetoiy ttsadiMs: 
there was so foi*4nd-aft notNO at all, and only ad|^ 
degree of sinu^ju-i iin.n tin r.t. Fuur of tli-j five Uockii" , 
balancing btiiig then nuioved, i^viug «niy aa cquiTilii'. 
b.ilance of 1 7C lbs., or 17 per cent, of the whole weirLt, il' 
engme alone could not get above 31 miles per hoar, td ■ 
at this speed the unsleadineiia was " fearfol.'* Wlna if | 
lender was screwed up to the engine, tho fun -i.nl-if' iB''<" ' 
moot was partially dutrojed, bat the laienil waa as <'>:iV ^ 
as befotft. 

CoHclusiom. — Tt ia clear tint, rrtth 'm^\A» cylindsi 
though tho weight required to iKkkaeo exactly the saioi* , 
action ia much less than that for fore-and-aft artioe, 
tho general stability of tbe engine is well second \>]^ 
exact adsptst'ion of the eouaterweigbt to the shnwai aili*' 
In the first experiment, by Nollau, a countrrYreijjht 
69 per cent, of tbe whole distarhitig weight y iel JeJ vefj ?^ 
nsults, and it was lass than would hare bein founJ br « 
culation to meet the niuui'"- a-ltnn. In Oouin's iu>" 
cylinder engine, nilVrred to m last chapter, wbich "wJ" 
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StMdil/, itie bxiUaca weight vtia but 60 per c»iit. of tlie 
wjMfe dlEtuibing wvi^bt. whil* 78 JM («nt. would hare 
bim nqnind to mMt tii* aiBnow wliMi MMllf . lo o«t- 
■M*>«jlndwagnNii, fuiik^Mj viNi mphdvlMeh, mm- 

fitle atabilitj cannot be eAeetad with kaa than an cqujraleut 
of seTen-eigbths of the whole diitarblng weight. 

Ill pimeral, for iu.-i io cvlimiiT^, n cmiid-r.v.-'-lii in 
wheels e^airalent to ihree-lourth* m' llin disiuibiiiij 
miglrtMl Mid] »ide of the engiii«, is praclieaUj Bulficient to 
•MBM tht ntMinl lUbiUit/ «f tbo wgin* oq tha nib. For 
ontoid* •jlindm it ougbt to ht tquinliat to tht wlutle, 

or, in singto fBgilMli Wt IiM tllMt HTOMigUki ' «f the 

weight, 

SeconJlv, Till.' ii;>iiiivatiou of suitable l./.^.n/rc-Hfii-lilf !« 
■Uended by a 8wi»ibi« reduction of re«i»Uinc« on the raiU 
•i high speeds ; as, in tliei experiments of Le Chalelier, the 
«)|iM mbalaoeed ooold mt nMh the mow speed m when 
bahiMwL Thm ii eorrubonUed hy'lha writa\«liwrTatim 
on ill? single and coupled fis^-^cni'tT-^'ri.jiiidsof the Caledonian 
itatlwa^'. Alao by some rtuiulta ijbt.iiuad by Le Chatclier, 
from the Orleans goods-engine. This engine wascmtiniMd 
•t irark with tb« ewuttnreigbu attaohcd, itfMr tht «gip«n- 
mwt ■Im^r Jm ri hai, nithrai hwiii^wjthivg dcM to it, 
inthtwqraff^piira. la the hwda of the Mine driver, at 
tht BiHM IdtA ef work, the feHowing tm the msaa edta- 
•ninptlons of coke during thnetmrntlM:— 



UM, 



r, tft lbs. j 
SO-3 Ibo. I 

, 42'3 tbt. 



■ WitbiMit counterweights. 

; Mwn of 12 (rip*, of which 10 ooly were 
I mude with cuuulerweij^U. 

Of eevne^ ■ nsgle nealt like thie eu beniij be eeneiderc J 
a eleneber ; Iwt it aflMb s etra^g pmoo^eo ef tin ibMc- 

iL-il L'coiioii.y of comhattiU* eliMtid Iqr* euitabb im of 

•-t'uutcrm-i^lita. 

Thirdly, The balance-weight should in all cases be distri- 
bated over et least two or time spacei^ to diatribate and 
reduce the tmequal weer of the tfim bjr tarlkal MliaB, taJ 
tbetendwiy tolly tbj^H>M d ti 

Fovithlj, The experimente of Is Obatolier eKew the 

limitfJ extent of even (no i.^cilluiioii in i fcin^lr' en.-iiie, 
iiiiil h-i>w much greater it is in a coupled eugiue wuli oaiiiide 
rylindcrs. This difference exphiins the greiat«r liability of 
the latter e^gkee to Tioient eoneiiMioaa late»l^ i^riaat 



Fifthly, To ndoce ee &r m preeliesble tlie reciprocating 
Wrights, and the severe uid unavoidable strains they throw 
( II tiin omiik-pins at high speeds, IIia pistons should be of 
wraught irud, the cnMsheads and slides should be hollowed 
eet," and the conuecting rods as simple and light as possible. 

Sixth^, The atore oeerl/ the width of the eylindsn is 
equel to that ef the wiieeb. the noie enetljr my both the 
longitudinal sad latenl actions be balanced by a given coun- 
terweight in the wheel. Thus, ontside cylinders are sue- 
eeptililf of A more perfect balance tliM ir.siJ«, .iml tint 
doeer tJist innde qrlindert era pUood« iha Isas perfectlj 
cMi tha;^ be WnMd is tht lAtita. 

• ilr. U'Coiini'II bu l»t*lv p\n:it. .i u li.;ln inm. of wnni^U inm 
|ils(oD, and the formation of |:;£l<m.n)<l> mid cnnnccliiu rods from 
wTousht iron lobes : tbe nbjwt Mac te esBsbine Inliiasa wkb 
•tnoKlb. This, wc appreliead, woiddieAeiniiieUt'ldMlbrettt- 
side^tiiBdar eoailsd engiaeh 



From all that has lieen said wo derive the follc.rii::; [iri<s- 
tic.ll rules for the ajiplioation of rounterweighta 

Rota h~-T»Jb>d tit G tt mUnn ^ /or Oukiia-O^Mtr 
mnfik BHghm. Find the total w^gbt, in |Mniiidi, of tht 
revolving and reriprociting masses for one side, namely, tlie 
piston and nppeu la^ijj, connecting rod, crank, and crank- 
!■ :i. (the crank Iwing referred to the pin) — multi)jly liy die 
longtli of enuik in inches, — and divide by tbe radial distanc«, 
in inebea, «f tlie centra of gravity of the space to be occupied 
by the counterweight. The ittuU it the eeuterva^glit in 
pounds, to be plaead etteUj oppeoito to tbe erank. 

UliLi: II. — To find tie CountenetighU for OittticU-CyUn- 
der CoapUd Enainei. Find the separate revolving weights, 
in poKD'ii. i f cnnU-jiin, fi)u|ilii'.:; roh and connecting rod, 
for each wheel, — also tiie reciprocating weight of the piatoa 
and appendages, and half the connecting rod ; diTide tlie 
Maiprocsting weight eqnallj between tbe eonpled wheels, 
and add the aliqaot part, so allotted, totte revolving weight 
on each wln't 1. Tl.n .sniii*; :^i> nt'Eaint'<:l nre (lie- weights to 
be halancc<l al si vtniil whetls, for wJiicb the neces- 
sary counlerweisrht may be found by Rule I. 

Biru III.— retail «U CovmUnet^ ftr IttiUthC^if 
ddr igttyfc J Sh yfat . let. To find ito vriw. IMthttatd 
weight, in pounds, to ht baihntai Ml «a«b itde^ ae ii Bab 
I. : — multiply it by tbe awtt of the widths apart enitree 
of tin? cylliiii'T^ :i:mI tI:o u?o';'!<, in im.'lic^. — .inJ JiviJ.i by 
twice lb« niutii ajHirt of the cyliuders ; — sublroel tlui quo- 
tient (a) from the total weight, leaving a remainder (b), 
-square the ^MuUtiee k and B, add tbe ei|«Mret, and find 
tbe square net ef the earn. Thia root ia tht nanlting 
weight in pounds, to be balanced at the crsakipin, fmrwhieh 
the coanterweiizht may h« found by Rule I. 

•2^. To ill Min-otioh. ICvi.lM tin- -rKitiT wci-lit (a) 
by th« )«>a (b). Xbo quotient is the denoitiiiialor of tlie 
fraction of which the numerator is 1, which expmses the 
inolination of tlw direetion aoaglit, with the eantre line ef 
flie n«r eiwk, di ve^g fitm the off erank. 

BiriB IV. — To find tke CoHnteinttiykt* for Itmd*-C^inder 
Covpltd Enpinfi. Find the value and direction of the eoun- 
terwciflil." for ill" ir^i'le n'volvin:,' nr.d rx'iprocating masses 
to be baisuiced, a.^ in Knit' III.; and key tbe driving wheels 
on the axle in such pctsiiions as to place the outside cranks 
in iht dfareotion so foiuid, or key on the amnha tbamaelTei 
aa nqafred, if iDdepeadnt ef the wbeebt-^nd the total 

wi-iL;lit uf tbi5 ou(«i^!p_> crnnllS and couplin;.' rol«, rcfr-rrcd to 
tli« itijlilo cratik-pin,^ — and, if less than tlia itisule weight, 
subtract the ontside weight from it, and distribute the dif- 
fctenee between tbe oeopled wheele, to be balaneed aoend- 
tog to Bale I*;-*^, if gteeitet^ baiaaee the dUEatattN Iqr 
ea m t ai wel gl ii a ^lytas^ to the onteide cranks. 
IVel* 1. The cooaterweight for inside cyllndere m»j be 

faODit a|i[ir>xliii,i|flv bv n.^siiniiiii; llin>"-f:>urlli^ of (Iirj 
whMi' dialnrdin J weight as ibe weight to b« linl.'incoi in the 
wlifel. 

2. laside^jrlinder coupled aagineo aa ths/etaad, aaoaUjr 
M vltUn the it^abMuanto «f JKne 1. 

3. Tboogb iVstf 1 eentains a good gantial rale^ Ibr grat* 
ral subility, tbe other ralee should be emplejad whsMeaaet 

i'.]'.n;ibi':um if< ri^piired, Bt ti to bllaMa ai mO ii j 

everj internal (train. 
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4. For Um mclkoil of nrerrio^ tlie weij;lit to tlie cnuk- 

5. For the method of fiiiAiq[tht«Mtn 01 gon^J oi »>• 

coiinterweiglit, ten jtage 17(1. 

6. In the use of llule 4, thi> oi!t9i>!e weight for fmir 
eoaplsd wheels is usually fuunJ to bo leas llian wliat is 
Vtf aired ; »nd, for six couploJ wheels, grcjitrr. 

7. To Mdwtitnte iMd for out inn coouterwo^bta, dWida 
tht ivInM faud fer tho tatlw I7 to And «lM oqiin- 

_. jbiBoofkwI. 

8. BaampUa of dw appliortka aC tiMfaham ^nm in 
|rafioaB<hB|ilmi 



OHAPXER TL 

Or m C*nBS<it ImriBiuTrinw to SBB Pmiumn 
Wat. 

n» F«m </ At JTdb.— The tym of tka vhaib are 

formed conically, with the objcti of promoting stability, as 
■bown oxoggerftted in fig. 2U, where a, n, are the spioes of 
lha«MW of iriiiab tha tyr^ form piita. Iha atdinary 

>W- tit- 




dope of ilie surface of the tyre, referred to the centre line 
of the ule^ U 1 in SO, aa marked, which npoo a tjca 
SiaelNa broadiNtM amouttoiineh. Toairitthonaa 
to the tyree, tlirf ana indiaad iDwanbbto tlia aMBo alopa, 

which, apon a widlli of 2| (nehet, woaM anonnt to i inefa, 

off the horizoDtAl. Non . juh tlic' rtiln may not bo set with 
perfect uniformity to llie elope, or if set »u »t firtt, they may 
not oontiniM ao, from a deviation or lubeidenoe of the chair, 
«r tha aa atiBf of the rail, or the aleepar,or tbo ballaat; and 
aa tta anrial^ ti Utt iyn daaa Mt nmain miiibrai, and ia 
indeed destroyed by wear, it is clear that, supposing the 
rail to be flat on the upper surface, there are many causes 
why the «urfao<'!< ul tin- tyrv au<l the rail, at the point of 
contact, should not coincide across the whole width of the 
Litter. On this account it may, and often doe* happen that 
tho wlieela roll en the inner adge of one rail and tlM onter 
edge of dioolhert and that they nil on diilereut dinmeteni, 
as at a, a*, fig. 215, possibly ! indi liiff-Tpncf on each siilo, 
or i inch total on the ditttm irr, c jua'. lu \iicU un tlio circum- 
ference. TliUH, in one turn of tln' uxlc, nno wheel a would bo 
i ineb in advance of the other, a, and would tend to sway 
the engine over to the short side, as indicated by tlie 
uaom, iriiau tba inofoaiitjr wnU bo mant^ and tbo 
engine tltrewn bade towardt the other aide. Tlnia a 
siouoos tii'it;rin wijulil hp created, «lii:h wouM vanish after 
a few vibraiiuua, were it not tliat each aucccsetTo length of 



7 



rail presents some new state ut mftlt<'n', civing riia to a 
succession of irrcguiiiritifs. 

Much of the irregularity due to the flat'headed rail, of 
which 6g. 216 is an eunpl^ ia removed by 
ronnding tha head witli • oarra of 10 or IS 
inefa radtna, added hi dotJinings ao Ibirri^ 
the p".nt of contact with the wheel ia usually 
very near the suniinit uf tho curve, and is leea 
•usceptible of change i;»t. r;i!ly ; the ruil al^o 
•uita itaelf more freely to the change of form 
of tho tjl*t by friction and wear. 

ttwwlMel-flan^'-^ andtheialiaia n ii i iwai j bolli 
for the paeaa;;^ of tlio engine a]on>; curves, and 
to give liberty for UDavoidable oscillation within certain 
limits, without incurring perpetual coUiiions between the 
wheaiaaodtliomila. On tha aarliirfailwaya, where the eUar- 
nee was omall. faitarai aoaaoiiiw wao mueh more aelive 
and injurious than it liaa been fsnnd to bo with atondW' 
ance. Half an inch is the usual lateral play wilb which noir 
wheels are adjust?- ]. bi lMi en the rails. 

ifaialmanei of iJtt H'ajf. — Subsidence of the rails, on 
oneorbothaidoo^oqmllyarnBiqpal^.anJ lateral deviations 
from tha cwga, wo obr iona ommo of inatafailitj. A low 



eMOnoTTM. 



ndl em OBo ride, below the gemral loeel, fatinp < 

eni;ina on tlr t f \ I:, eausts il to swerve from the right UbO^ 
and to con.iiiiij c cour.'-e of oscillation; and this maj ba 
a-rcrra^atoJ bv u j<ui'ce*.<lon of unequal Icn '.^, j'ai'. icularlj 
if they coincide in their action, and both sinuous and roll- 
ing movements may be produced. But independently of 
mtioal daflootion. tho rail* uaj bo bnt, or otherwko 
cswed to deviate laterally, and aaaanw a beriaantally nndnp 

hitir.:.' cnurfo ; wliir. (1;f Ics.L!;!.' v IjpoIs a lv.inco upon the 
deformed rai'., liny iir.imvl.uU'ly fiiiit tlieir [ivMiil of contact 
towards the outside nf the tyre, an i roll on ji ••iM.'iller cironm- 
fsreoee, in virtue of their conical form ; the engine deviatea 
tomaida the wide nd and ooeillatai acoordingly, and thU 
erratie moTOBMot nHtgr taadBj ha iacomd toaoda^gnona 
an extent, should tha kleial defleetiona of the rail (otacida 

with tl.e ofi-illatii-TK of tbe nipinf". that on Iki^I or on newly 
made parts nf tho line, the driver is oblli;cd to shut oifthe 
steam wholly or partially, to reduce tho spee<l. 

Jf the atato of the way be each that both raile aink at 
onto nndor the engine, «t OBttia d w intonnln, wMa at the 
other paru they remain firm, as in the eaao of iNakJaiat% 
or elastic longitudinal timbers propped at intervale on pflea, 
cr of weak or ini|'i rfi etly Iro-i.iiMl timber bridges, i rlncfu 
the piers, — the engine readily acquires a plunging iivolion, 
which ia all the greater, the more flexible the springs. 

AU the olccU jaal akatohed of tha iaperfootiona of the 
way, MOBotorionaly hmiliartotlMaawhohKeabaaniBtlw 
liiiliit of rid:n>^ on locomotives at high ipeada. Bvaty 
nie.in9 should be euiployed to brin<; up the character of the 
way to that of a !atii.--i:i'd, W. -i-.-, - i. -il.lt tlal. in ni:ii y 
pointa, the jmTsilillg eyateni of porminent way is ohjerliou- 
abte^ and Ofa to Inifi l W O lu en t ; and only trust that, amongBt 
the Bwnaroaa apotifiai now afloat for inpreviug Uw ayalcaa, 
Bomething may be fbond to produce, in tba wwda of Mr. 
^V. 1). .Adams. .1 "rrorV pcrtnaneiil way," as a well-OMriia 
way is <}uite aa im|wi'Uuit as a weU-balauc«d engino. 
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CHAPTER, VII. 

Or Tns Cacses or Ihstabilitt di'e to tbi Tur axd 
WuB or nil liiioein. 

TxAB and wear aflecU the psmllelism of llic axles, the dia- 
meter of the wh««li, Um wear of Um tyrti, the pUy of the 
«ud*-baxe«, Jke. 

incUnpcl togi-tlnr. <jr in arcr uii uuc *i<le ol the eugiuo ihaii 
on tin ether, tin- r< ->uli i> t lie same as thkteaoMd by nDeqwU 
diMiMlniflf wheel, einad/ aotieed, iu eMeingtlw enguie to 
•werve from ite eonne towAnb th« aide at wbieh the axlee 

incliup; aiu.I the i tarer the Kx\i:s iirr plaoc! t:i^rt!ipr, l!n' 
etrouger U the ioudeuejr to (iiverjje. This t«n(iency is coa- 
etaat, and If it i» mt piodeet aiaaoiw oUTemenU, it at leaet 
liai-a.s»es the engine by withdrawing it from the direct eourse. 
The result is a ooiisUnt friotion and extra wear of the 
wheel-flangiss on thti near aide. 

Uit»fmUJ>lamettrt e/th$ WhttltMtlM»ctmAs^---'V»\M 
Miaea Gram unequal wear of the iyica, doe to diflbreooe ef 
quality aud other causes. The result is, like want cf ]iarallal- 
i»m of the axle, to drag the engine to cue side, tuvvafd the 
emeQar wheel. The action is constant, and, like that arising 
firtm want of parallelisia, it waera down the flanges. Cases 
of uneijoal wear of flangee, mote or leai, are Tery fre<]uent. 

}Vtar of the Tyre*. — The originally .-tn;L;Iii mnii ur of 
the tjree wean geuerallj into a hollow, deepest about the 
middle of the brtadlh of the tyre; of «hi«^ aevanleuB* 
plea are ch'eri in thn follow'iiL.' fiL^'uri?!-. Tho effcft. of tli:s 
wear is to increase the conicity oi tiio wheels, next tlie 
flanges, and eoMaqiMlfly Um Ittbiliiy to aieeeoa notioa 
from other cauaeD. 

Snmptf* 0/ Worn Tym.— 7*t AUat Gitif-E-ytnt, 
M. 8, b L. ii.— Fig. S17 «»ieu» aaatuoa ef the tyiae of 




So «. 



tliti engine, whi'eh was pat te wnA In May 1846, and had 

ru:i 10, ^'Ji tiiiU-, up to the eti't cif Oi-iolicr 1S}7 ; at the 
end of this time the aeeUoua of the tjree, of Lowmoor iron, 
were taken ; and the wear li ahown \j eontiaet with the 
nn'giual sections in dot-lining.* The Atlas had cylinders 
18 inehea by 2 feet stroke, and six H feet wheeU coupled ; 
•aetui^ ahoiit lUfeotqMrt; iv^ghl^ia voddog 



* Tfwat, lut. JML £»j/iMen, 1MB. 



finlsr, 24 toi)3, alH.tit cqiiallv JistriLiited on the wheels, 
and iu g«3ueral design and arrangeuient the sauie as the 
Sphynx (Plato 1 8. and No. 17 diagram-plate 6). The front 
wheela hero ahown most wear at the flangos, the hind 
wheela the next, and the middle or driving wheela leaat; 
iii<l«ed, the whole wear and htbour of gin lln^' tlis machine 
may be aaid to have come on the front and hiod wheal* 
flangee, and on Ihefennar diiefly, theaa ef thedriTingwheda 
heijijr turned originally i inch thinner tljan tlm otlifrs, as 
per •ecliiji:s. On th-j tn-ud of the tyres, ui- idlijig part, the 
middle wliet-Is. upon tlir- wlinle, have worn most, the front 
nest, and the hiod leaat. Ihe graatar wear of the leading 
llatigea, prove* a gmter lateral meeenentef tbafhmtirhaab 

uu I'liu raili, «iiiijh li;i5 Imva iMor■:•.^■^MJ hy tlio extra lateral 
wear ; this explains why the leading tyres ore more ei^ually 
worn breadthwise tlun the ethane and hnee baeooie Is ftet 
nearly cylindrical. 

Looking more in detail, each wheel is found to be worn 
une4]ually, — to have " moat worn" and "least worn" parts; 
thaae are, in eeoh wheel* oppoaed to aach other, and are 
eartaiidy owing to the nnha^eed emtfifogal aotion of the 
eonpling rods, — vcrlii.alls , oti the ti f-ai-i of the niidJIn 
and hind wheels ; ai^I lini i^oniaUy, ou tli<; tlajige ai llie 
Icadini; wheel. On the middle wheel there is most vertical 
action, as it carriea half (he whole wei|^t of the coopliiiig 
rods ; and accordingly it shows a greater tzeeaa of wear 
on the tread ;> •ii-ctiou), whioli niu«t have t-rvken placa 
next the outside crank-pin, than either of the other wheels. 
The nneqaal wwr itf the Isodhig flange i* attrihntable te 
till' airiuiiiH tnf>'iiin caused by thn vinh.ilanceil excess tif tlis 
outside Txkis, whtreby the flange is drivtn ij^-;i;ijsl tlio rail 
at e particular time during each revolution. This explana- 
tion ia oonfinned by the eirenmetaDoe tliat the flange ia 
•Mi* worn where the tread ia tmat worn (eertioa I), and 
r/iv r^tMi (sfi'tinn 2), rus tlio \<h fIan::o is ."iipiiosfj 

to bn thrown to the rail by the right hand coupiiu^ rod 
when It ia at the fimit end of ila thimr, and when the 
left hand oanpting rod ia on the upper centre, and where 
coneeqiMntly the wear of the tread ought to be amalleat. 
On the same grounds, the most worn parts of the flange and 
tread of the hind wheel ought to wear Ugttktr ; and thia in 
Am they do, (oMdooe 6 and S). 

This irregular wr.ir of the tyres operatp') iiijiirinii'^ly 
not merely by ovt rit raining the coupling rtida, but al&o 
by exciting a wrig^linLr motion of the engine, as the 
whaala wilh eonatwtly varying mdii, are like wheels with 
dtlefftDt fianiater* on the aame axte, the twisting action of 
which has already been explained. 

0. B.N9. 51, ^ammgtT'Eitjfim. — Fig. 218 contaiua soo* 
tioD* ef the Lewmoerwheelrtyree of thia engine and ite ten- 
der, after It) mnnllis rminiii^; withmit rppsir, i"iv<?r above 
28,000 milts, 'l lie dotted lines siiow the original soctiops 
from which the wheels bad wom during that time. The 
weight of an engine of the same boild, alter the Orewe model. 
(No. 30, diagram-plate 6) was found, by one of Poehu^ 
to be 19 t«u« in workisK Older, as followir— 

Iir«r1m^ wheels, 8| tooSa 

.1., 0} 



l*nv 

TrsiliDg do.. 
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Ib tUi osiiM, in du AllMi At badtaf ^fiM u* 

the most worn kt tlie flang*, ftod the other wheel* rny 
littk, the greater wear uf lite ibraer beiiig due io oteiU»- 




Tin' iliivlij;; tvrsB wore onifomilv. aa the connterweight just 
balnr.cpj tlio rcvf!lvin(» ftsrta, and the teetiona, takpn from 
poii/.s lit riirlil t'l tbo cmnk, sli'jw vcrv l;".!u ui-ar mi" 

Uio tread. The fore and the liind l vri':> nIihw nuTt; weftt*. ntid, 
M ia the Atfaw, iht wear of tits hisd tyr«s 'm wore confined 
to ne part MMMom, tht flai^ of «in1i pwr «f whvala 
■n unequally won. lliin, the left iMnil tMbdidg «mI driv- 
ing wheela, and the right hand trailing whrals, hare thin- 
ner flaogM than their ni-ichlwiirs at the other ends of the 
axlee. Thii muat hsvo hcen by an extra biaa of the front 
•f tlw MgiiMtowarda the Icfi hand, due likeljr to the ^rc«t«r 
liwr«f tt*tiMdoftbakfiliH>dlMdiDgwbMl,vbich would 
ndowtliis iAmI to « mtUw 4iamtar thu iU neigfalMrar, 
This wodM tliMW the kindar |Mft tomrdi fh* right ; thaliiii- 
dc-r part wr.ulil I-m.I iln> ruru-i-iKl of the tender with it toward* 
the aainv anie, ttuii woulU awuig the back part to the left ; 
accordijigly, in fact, the right hand fore wheel, and the left 
bud tiMiiqg wbwl of th» teader, ibow « gTMtor mar of Um 
tmigt tbsB the dtwMt* uphMk 

JVV 46, C. R. Coupled P<MMW^.BvAir.— IMl engine 
haa 6 feet driving wheola, with the hind lAmit toapled, 
arranged like Ho. ii, >liur;ram pUto 6> In tMNtU^g trim» 
thn woi^t ia I9i tons, as foiiowa : — 



JjeadiDg •betlt, ... 



.„ Oi t«<ia. 



Viz- cuul^.iiis wurij s. rilons of tho Lowmoor tyrea, 
after running apwarda of 60,000 mile* ainw being tamed 
op. Tin Hindi tS Um ifght bund iMding ind driving 



irfiMh, and A* laft band (atliaf whoda, an daddtdly mora 

worn than tlieir oppoaito aa^lwon ; aadeoBiaqiuntly alio 
their flaagee, a» Uia luad of tbo eoghw moat inn ham 
atnB{^7 MiBiid tornvda tbo r^gli^ and <faa odur end 



1 I 



IhMqi iTii'tli {f»(>M't« CnnL: f>-j. 




r 



emtia.i«CM 




towards the 1 ft. Tlii« ia an illualration of the value of a 
full tnmed dr^viii.^ tliUiu'tt in aMiatin;; the leader, for had the 
middle (laDg<-' ft N i. Iiomu i.irnci) utii;i!;all_v tii;u!iLT lUa-i 
the others, the right hand leading dauge «ould hare been 
ground to a shred like that of the Atlas. On each of 
the dririsg and hind wliMla, tho sectioni taiun at and 
opporitt tho oanlc-flft diow BMrly equal mieantt of woar, 
and prore the revoKing ]>art» to liavo been vvntl Icil-im-i-il. 

No. i9, C. It. l'aut«</fr-EngiM. — Fi„'. --d rant.iins sec- 
tion* of the leading and dririug tyres of tii:^ rn-iue, which 
is Uko No. 41. Tko left band Joading flange ia oneh 
mon «m than the right hand one, owfaig likely to tha 




CIt Xo. Vummgn Snfiitt.— Acfim* W1i««t>t77«ik 

gieatw WMT of tho tnad, u in Mo. 61. Xiw aoctioni of 
tho drivBig tyre wem both taken from the left band wheel. 

at leas than 9 inches apart, showing the ordinary wear, and 
the excessive wear at a faulty place : and thou!;h the latter 
is but iV inch trr'-aiiT, (in.- 'I iR-njiKi.- wni vutTioitnt to bring 
down tba wheel with violence on the rail, at high apaada. 
Nt. 107, 0.M. fiMKBvAM^TUtiaan antaldk^qrl&der 
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Bix-«liiM-l rivine, with llie leadb;; wliptls mn]i'!e<l, nrranrrr,! 
like iV'u. Ij ot' diafrrani-plate 6, with single hind wheels ; 
cylinder 16 by )H) im lits, Jriving wLeola 4j feet, trailing do. 
alt faek Xlu IcAJkBud iMuIiog auJ dririqg Ijxtt, ig. 281, are 

MtafinaAitCMliflK 




llri«A| WieUi ufjom3tM Cnnk-r*. 



u 



iiiiiiLi vYiirn nn ihf tii-.i i than ^lie riirlil naii'I c:.'"-. .iti'I in eon- 
sequence their flanges also are more worn. On the sides of 
th* badisg ItagM, too, oppMh* th» cnnk.piii, the wesr is 
giMter than next the pin, aa the hcaJ of tlie engine swajs 
from side to side, and utraina the flanges at those prtieuhir 
places. 

Ttmltr of NoAS, C. It. Patienffet^Et^M.—'Thiiitindct 
ii on tlie model vnully cmplored for the 0. R. paaeenger- 
engines. ThewheeU are Si feft in dirmister, with Lowmoor 
tyres. Fi^. 222 ahone the wear upon them after raoning 



l*rt t)>ifa. 




fer 14 montlii, ww 96.000 milea. The iyn» n* iH veil 

hollowed, and, as before, the leading flanges are most w uiu. 

These iuatanoes ahow tlie importanoe of the diatarbing 
eauMfl at worifc is th* eogiDe, «IEM(ing theatability and ease 
of iu BMtieii. 

/*fajr «fa* JmnuA and Axleboxa.—Hvia kinds of play 
may ari«c : lateral play of the joiinml in irs bearing when 
the laUer wears eadwiat^ and longitudinal play of the axle- 
hox betwaan tha gnite aa (he guardplataa. The latani 



[Uv of tliii jotimal increases the moremont due to lateral 
acii'in on tlic engine, and if also the guardphttes be fleiible, 
ami tlii re Iki any plaj ia the boilor-stays, the Uteral niore- 
menU of the eo^a M* ao much iuoreaaed, and may be 
much graatar l^m the mare play of the wbaab. alao^ 
the axleboxus liave furc-anJ-afl play. Uir evil is iacrt'itsod 
by the want of parallelism of the axles, which is certain, 
under tho ehnnmafaiMa^ to ha indoaad by «ha OMitnl «Mr 
of the tyres. * 

That the agencies referred to in this and die preceding 
chapters are real causes of instability. \n proTctI by the 
direct eipeneiwe that atability ia mora and more impfoved 
by the aneeaaalw rHnoral of diaaa aMnaa;— flay af «ha 

axIp -tKyxfi, play of tho i'lnmal-t, dpfnrinp'J tyres, want of 
{lOraJiuli^m ol ibe axie^ uidi'dpAir al the way, ilatneas of the 
rails; having, instead, an engine well broaght up to its 
beaiiqgi^ with well-formed tyna* • Am and eean nilway, 
and with a properly ronaM lollin; anrbca. 



OHAPIEB VUL 

CoMDTTrONS OF TnS 0BNK1UI, ARRAJTOBimra, AVD TBI DU- 

vomvm or tub wsiqut, cmamsst with tu rasoir 
or vmmanm^SxnKmmu, Znvmm. 

Tjiorini tlirt ni.ii;hiiu'i-y of an engine be well balanciJ, and 
iu sucii g(K>d uidar to r«inove every internal cau*d of 
instability, it must also be well placed on its wheels, and 
well anapeadad, to pcatida ^lauMt the insUbility due to the 
nature and imperTeeliona of the way. The wheels* ought to 
conuii.iiul fiifi loi'J, — tliu loudiii;,' whoi'ls bfiii;; \\M I'urward, 
and the traillog wbeeU well backward : the former, chiefly 
to prafnol w ladaaa tsjnriew oasOlBlian iiariaoBlally ; tha 
latter lo piovcnt the pitching of tht' cn^ino. This arrange- 
ment is uticjiuary, not merely oo gent- l ai graunUs, but specially 
also, because, in tha UtoaiMithfa^ the heaviest parU of <lia 
suspended or paBdoIova maaa «ta plaaad oamUy at; tha «t 
tremities, and the Ihrther theaa maana an from tha OIBtrs 
of pendulous actiuii, tlin cr-'^atf-r is tticir |jo\V(.'r of straining 
tha wheels, and of increasing the labour of keeping the 
engine to the rails. Thoa the proper fnutioB af tba Am 
wheels is to guide the engine Intrtrally, and that af (ha hind 
wheels is to prevent pitching, v«nicdiiy. 

To meet the third kind of irregular inoiiou," rock- 
ing, the spriqga moat ha auffieieatiy atiff to abaorb rapidly 
the rolling motion, and auiEeietttly apart, tnneTansly, (o 

liavi! tlic ii('<'e;<sary luvtraL;'.' upon, tind cotninan.i uf, tlie 
roUiug load, ooiidiateiit vfitli their desirable fleubility ; fiir 
the wider apart the springs are transvenety, tha IjghtMT «r 
at least the more flexible they mav bo. 

Such precautionary arrangements are demanded only for 
high-speed enginot, ur sudi .is are destined for speeds above 
20 to 2£ milea ; and under the existing oonditlooe of railway - 
trafia. tha gnat majority of eogiata mail ha ao daaig^. 
For short lines, small branch lioai^ tad Boanl liB|% im- 
farior speeds are quite suitable. 

ETperimmtai Etidmee. — Tho foregoing principles hava 
been ahnodaiit^ eatahUdiad by axpenanoe ; and to illaatnta 
(hamfloauaor (ha dtapoaitiaa of (hanhMb an atahiUty^ 
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m }tm tlumm togitfm; ta jiBgnm-plat* tu, FmI* I. and 

n., outline cleTiUions of engiMi whicli hsre been and are in 
Mtuftl Mistence, types of tlio cIahm of arraiigi'Dicnt to 
which, M o^rriiVL.-i'", tli'^y lirlnti^'. 

Ordinary I>mti«-Lyltii*t*'r LvCMtniir, t. — No. 1 is the 
primitive form of four-wheeled enginn, with inside horixontal 
•jrliodM*, anloplwl in tiu Plsmt by Staphanaon, uA cxten- 
wMtj imitsMd hf «ttwr imltm. No. 1 mm mecMded hy 
No. i, with an extra pair of wheeU behind tlie Gritboz, to 
n-niove llie pitrlilnj due to the overhand in the former. 
'I'll".' -•>iv-ivlH'tIi-,i arraiii:i'iiii!il, tliuH ]>roilii^'iMl, has no-. Ii.mh 
eseeU«<i, as a carriage, bv aDytliing that lus bc-rn t'irn> i 
Olltlioee. No. 2 is the (bur-whecled engine, ivitli iri^i lt liori- 
aOBfail cylinders, and an overhung cimulMr fim-bai, inUO- 
dueed orijpnailjr by Burr; as a carriage, it if tofnwr to N». 1, 
for the overhang is greater at both ends, giving tWi; at V^ii 
fpeeds, to injurious pitching and toainnoun ni»ti >ii. Ni>.3 isa 
modification of Bury's engine, used «ii tlio Kiliiiliur;^h and 
€UMgow railway, in which tlia biHler is lengtiicned, and tlio 
■h«rftMB is douhlud by tbt addltiOB of » pair of wheels in 
IfMtt mdar tht «/liiid*n. Thii tm^M «t ham bmi, by 
tltnot npHwim va th* MIMmwii, to "Tcwl* wM, h tlw 
wheels are well forward, arJ rally h N vf i v ?tf:i iy ; !iiit 
the pitching, by the overhaiig uf lUu builer, js btill violent. 
Nos. 5, C, 7, 8, aro amplifications of design No. 4 by diffe- 
nnt awken. In til of Ui«m tht firabut, Um hMviul part 
«fUwboibr, b wall mppoitad ; the Iwiii^g wlmb no bIm 
vril Ibnrard, except in Ko. 8, in whi«fa tb« tylindan, with 
thair ennka, are placed widely apart to clear the boiler, and 
|fi admll it i.tuT'T tv> th>3 iJriviu:; .ixlc ; tl.f i'\ .inilor", tfteri!- 
foro, encroach npoii the leailing wltecls, wlacli are liius placed 
qmte in Uwr rear. In this way, the orrrliang in front is 
| iii <»r tlwiBinUi9othaf«agiiwi,«idriwl>TBt^oftl»prin- 
dpiloi«iliaafiMam>aatlw1««ding«lMebudgaria,wi^ 
OlMMil by the greater diameter of the driving wheels, which 
nqnlraahighprevliDders. In eons»qncnee, this engine, of which 
an cx;uii|il'' is Id Ik' t'i>'iiiii (in liif N<irlli liriti'-h Hallway, doim 
not letttl w«lli It swayx icotn side to tmie, at iiigii spwdn, with 
great power, bending the guard-plates, heating the journals, 
•odvanringdown tho flaogw «f tbalowiiiig wfaMb, by tbe 
w««i«lal«nllH«tiantowU«h«h«yan«spiiMd. WiUiiti 
hii;h 'w)ir>r>ls .ind large boiler, it waa designed for high-speed 
triiin'< ; but the truth is, that eoginoa by the same niakera, 
witii vix-fcrt, wheeb, and an-ini^iii jir-fliscly like No. 6, 
with lIii' f^n-.o overhang, ran much more steadily, with 
IieaTier trail.!', auJ at liigher speeds. The horijonlal dil- 
tmiM s( the wid-lenj{th of the oylindar beyond the centre 
«f thk bnding lait, wo tnA far tk* Hwr enginea, a« fol- 
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I we mpmNioM of dw bvwigi •{ a* piiMi- 
id tiny dMW dm No. 8 bM 7 to 9 
) bTM«g« diM tht odian, whieTi, with ita flexible 
axleguards, acct>'int!» fur lt^< itit*. rinr st.ibiUiy. The t-ylinders 
ought to have Wi ti €uii«i<leralily iiiciiued upvvaj^s, tiko those 
of No. SO, poirtially to clear the leading wheels, and permit 
of tfaoir bamg aei fomid. Mo^ 9k* modiicMMm httly 
ihtiodMad by Stapfaanm, « wUdi Ik* <7ljiid«ii an OTivM 



to an intennediato crank-shafi. Gram tthich oelildo nti* m 

conveyed to the driving wh««l> placed bddlld tilt ftMhoKj 
this plan is designed to combine the atdliUty of Oiampton's 

etii;iiii' rtiili liif bi iii-fitof a separate driving-ahaft carried by 

tl.o I'lunir-, i n l.orcii of all cnpine-weiffht. There is much 

•iitT'-Tf iir'j of npiiii 'ii as to 1(10 [in'pricly of iiJiling to the 

nunibor of porta for tka tnko of reliaviuf tbo ennk-abnft. 
Li^ Tafth-Lteomtlhm, — Net. 10, II, 18, IS, aro •ogiiMS 

which carry their own coke and water; they are all steadily 
placed on their wheels, except No. 1 3. in which the cylinders 
ovtrliaii:; in the t-.Mv.'? ir.ai::ii?r. ami ftir the :-:in>? reason, as 
'm No. 8. Nos. 10 and IS are stable marhiura, with mo- 
derate whed-llMMitf 10 to IS fcttiMitaU* tst light engines, 

nd ^uli^ia; tk«a to piM ilaag nmt, and m oidiMr 
•nd fenneiiiridi bdlity lad anftty. In No. II, s It ton 

engine, the baae of 15 feet is extravapant an I 

unsafe; en^iiH^? of tliis class. thou?h perfectly steady at all 
speeds, are JiabLo to l- avt! rail? on quick curves, owing to 
the long base, the want of Uexibiiity in the axle-guards, 
and lha iniofleiaaey of die weight to keep them down. 
They antt havi m^ght on th* driria^wheela, to giro the 
nsegaaarr adheaim ; bat dik ena only bo inereaaad by n- 
lieving tin- otli- r wln fls of part of tli. Ir wf !•,;*. t, .m l r. ilucing 
their pjwor af keeping the rails, i'lios thiTO are two dis- 
tinct Bil l i ppi Mng dcmaoda,— Ibradhveiou-weight and lead- 
ing waigUt ; but, for pupoan of atability, dia bind whoola 
do not N^ntit abofa • mn Irib of bad, wbidi indeed b 
rather to kaep all tbeir bcaringa tout; wiiareaa^ In tbia 
engine, there is some weiirht nnaroidaUy thrown awar on 
til'! la^U w;ii<'la. (if no ust f:jr either adhesion or t.ifcty. 
TUe Gij^iMt Wduld, tUen, be improved by removing the back 
tank forward, to increase the useful weight ; and by shifting 
tbo liind wboala two faat forward, to add to tbo taiaty by 
■bHtoni^gdia whaal^baak No. 18 bbouia andor tba aamt 
disadvantage of an overhanging tank, and accordingly wo find 
the front and hind wheels e<|aally loaded, and oat of 14 tons 
weight, only 7i toi.s am a^ailanlc a- driving weight. Tlio 
carriage would be iuiprovod, like No. 11, by rtmoviug the 
tank forward. In fact, back loads in light MigiBaa IPca 
Moa, II and IS aro isjndiaioBaly placad, for tb«y an ant aaly 
uasleaa for liability what* they atand, bat tbaybalanea and 
neutralise a part of the u^i fnl «f l-li'. fonv ari!. They are 
only advisable in engines likt Nu. Ki, wlitrt thu liind wheels 
are coupled, aa all the weight is utilised, and a more convi^ 
nieot distribution of tha wliola woiglit nay be cfTccted. It 
it tme, when in six-whoal lank aqgiuea, the hind wbeah 
are well loaded, the en^aa DMy nn either end bfaowat 
with greater safety ; and thia ia aa advant^e where meana 
of turning are not pruvl.lvil. SriH, an I'HiL'ifii; inai'I.ir.i? n 
tlie first thing, evm. nt, tliu i>i a liltlu tri>ubie in turu- 
ing; and where tank-onginos are expected to run either end 
foramoat, tha bind wbaoia, if there be aix altogetliar, ovgbt 
atittlBly to bo «mpla< ao aa to ntfliaa lb* haafc kada br 
driving weight. 

CtmpUd ]Vltrel Leeomothm. — Ko«. 14 — 21, aro all, except 
<ir:<', fxanipl"!- of coupled cnglncH, ^.^J. T t Im very dolli'i' tit 
aa a curiiige. It has a relatively short wiieel-base, and is 
mncb overhung at both enda. The frame is, however, aliso- 
latoly iaflaubb, aa it u tompoaod of bar iron *| ineba* wide 
aadSiachMdarp. N«a.U«adl«ai«prttoiiiao( altady 
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engines ; witti Ko. 15 Am til mon Minnvnd of tAw^o- 

weiglit, but whore tlio tr^»:Iip;;-wi'i:;l t i« Huf[i<'^ iit^ No. 16 
with tha back viIim'Is cuu|j>tMi, i» |itrk-r;iM<'. ai lUe leading 
«hc«U an left fme for their proper funrtions. No. 17 ia 
■•ptnorto No.l4,Mi(l«adab«tt«r,an<lhM»laiifMwliMl^ 
WtM, partlj is virtof tt ita b«g«r boHw; to Mm; li ml 
16, it is inferior, ta its overhung Grobox U foand t« pitch 
hettrily at high «p*e<!*. for not oven it«i grtat length of boiler 
can tivvf it. I'nr tl.u «:irii<' f won it is inferior to No», IS- 
21, viUen iitrer^^thing i* vili fy supported. In Xos. 19, 20, 
■pocial «ar« is lakeji to leaii the machiuv as the front 
ul« k plMtd ranfoaUy tv fimnrd, auuij fluah with tlw 
fniiit vt {fa* Brlindan, itA At whatb •!« Mti bj B Ntoad 
pair iniiiii "'i.-il.-Iy Wfaind. In No. 20, tlio four Irftiling wheels 
arc rii; 3 >o|ar.iic fr»n«e or " liogie," whieb swirels on a centre 
jini III. ill r till' |i()lii-r, .iiii yici'ln Id all f urv.ilui I'i of the 
nils. The superior action ot tins fcj^rata frame sjatmn is 
jmnd hy the superior smooUiri':^* of tb« BtdMi and the 
fwy tmall WMT of t^« Isading; w lisal fL ua gu, 

No, 22 has tin- n!il fiiult i t iin KVcihan^iiij,' firebox, and is 
uafitlt'd fui iuj»!iii:g aluTjc au J uasupptrtc,!. with steadiness. 
It is, however, light, and may be conln llcd by snScient 
eoapling to the wriag»-t«uiar with which Mr. Adams anp- 
]ihn«la hh light Mghwa. la No. S3, th« wlml-baM k 
ModiWito ulf •taren feet, and than it bo bohind tbo 
fchid-whMit; llm nearly all the load ii btmIiUo for leading 
an:! ailhfsioii, Thi> <-y lin.lers. tetn^ horizontal, completely 
OTer~liaDg thci icaiiiog wlituls j tlu-y are, however, from their 
■mall size, very light and altort, and the wheels being only 
i &ot in dinuMtar, the middlo o( their leagtho doM not o?eiv 
kof tiulMdlDf adoalimntBidMi. TlwMgiMwqrAm- 
Ibie lead terjr wed, and for additional iteadineaa, the leading 
gnardplate should be stiflened by a direct connectitm with 
the cjliiidfT. M ;n N<r. t!.>. In No. 24, the general arrange- 
ment is the &aaie tm tiiat of Aismn', No. with the leail- 
iug wheels in front of tha cylin i-i r^, uti i tho luuk Mow tha 
burol; and with n thifd pair of wheel* and a auaUer taaic 
behind tin inboK, aiiandfat; tha «ha«t-baaa to It tmt 
nearly. The whe«l-base is much too long for such a light 
engine, and the ba«k tank ought to bare found room forward; 
this Mould liave iniTt-aiod the uiicful weight, anJ allowed 
above 18 inches sliort«r base. In No. 2d, tim arrangement is 
generally good ; the cylinder has but a moderate overliang 
ef S& Incbea, lha lading gnaidplato ia boosd to tha qfUndw, 
and Aa wheeMma fi limiNd to 18 feitt atiD, then ahoald 

not have hceu ar.v li.ick tarjk, ami the. himi axle iii;:;ht be 
shifted tvva feet foraari «uli aUvaau;,c. Iq No, .lii, on 
Craijipton's system, the wheel-baae, IS feet, is moderate; 
and OS the load is plaeed eqnaUj on the extreme wheels, the 
engine is veU qu^ifiad to ran aithar end foremost. There 
ii, howarar, adatcitmy afamilaUolaad IbtdiiidBg, as the 
hind wheab do net command aboto half tha whole weight, 
Oveii Wfre thfi tiiid ilt^ whpfli [<> hi- n iiiovi'd. 

OrdiHiirjf OuUiiU V^Uadvr I'autaytr-Lixnnudtttt. — Nos. 
27-34. When engines of thi* kind have the cylinders 
horiaootal, aa Ib Mo. S7. thegr want the fMililita of iaaida- 
^liadaranii^aaabraitliitgthataadiqtwhaBlalbniwnl. Tha 
qrlBdman bt the way, and tliey nnat bo antirely oton 
IniBf U> alMr tha laadisg wbeela,— ar. hi olhac imrdi^ tha 



I wliaab nnat dttr tito eytindera, and be kept quite in their 
rear; just as in the ca*eof No. 8, with wiio-spread inside- 
cylinders. In No. 27 the middle of the cylinder overhangs 
the axle 37 inches. Accordingly engines of this kind are 
aaasntiallj aeTero on tho famt wbsola, and do not lead waQ, 
paHlenlarly whaai, aa fn Ka. S7i tha gwaida aw leaf aad 
narrow. No. S8, designed by Mr. W. Johnstone, Camden 
station, is an ingenious adaptation of tho marine steeple 
arrangement, to place the cylind I !'.'< uiiinii tli« wheel-base, 

I and t« reduce the distance of the acting and resiating parts 

I of the frame. No. 29, by Stirling of Dundee, eontaiii* :i 
node of getting tha laadiqg wheab Cwwaid, hjr laimig aad 
ineUalag tho tylfakhni, iriMi ladiata tha hartaantal o«aiw 
hang to 20 inches ; the engine should thus be well led, but 
the inclination of the cylinder, 1 in 4^ is qnite too ^r«-.it 

I for general ntahility. In No. .'iO, «lieri> tho cylinder if 
inclined at 1 in lUi only, tli« iair action of a Itorizontal 

r cylinder is substantially obtained, while the overhang is 

Iaalj 28 inehoii or hot thiaodimrtha of that in No, S7, wifh 
tho horiaontal cylinder. Tha entiida frame la aleo wn d Mad 

inflexliiln at tlii> fi ii.t !iy the t-oni]>h'lfiir.<H with which it is 
bolted and stayed to iho cylindera .11111 iiwido frame, and 
by the shortness of tiio Icadinj; puards. These {avoiirable 
conditions unite in giving the engine great stability ae a 
carriage. No. SI la ptriwpa the most impei{iwt anango- 
naat of all, aa tha fiylindan^wUah aia hariaaiMiii, ataHnns 
tho axlo 42 inehsa, aad tha flnbos it OBtlrsly ov«t1kiuig at 
the otiir-r n-A ; in consequence, fii^'ltii'i< of ilii.i kind aro vnrv 
unsteady, hoth vertically and lat«;jilly, acd are liable ^ Iteat 
in tha leading jonrmkls, while they wear the leading axle- 
boiaiaad wheel-llangaifapiidljr. No.8tia8sigipi«f«aNDt 
apoB tlw alhar, aa dia cyliadiMa aaa vHhdaaan flaai tfia 
f^nt t atill the Tertieal aetion rsaiaiaa noenred. In No. 33 
an extra pair of wheels is applied beliind the firebox, 
preciocly what was done with tlie verv first engine. No. 1, 
to cure tlie pitchiug. The extended wbeel.base amounts to 
18^ feet; but as tha tiailiBg wheels have no flangaa, tha 
iiuUity ht raming oa aaraa rsBuisa the aauM, Oram{^ 
taa^ flan, Na. M, vadMiiablj nnofia eewy kind tt ia« 
stability; but the extensive base, 16 feet, is too great for 
sound practice. An arrangement like No. 33 i* much better. 

Outtide-CyUn'ltr L'Xomotires vi'Ji (^'■jiipl/ii Wi/'yU. — ^Nos. 
35-49, Of ihvm fugitir.s, No». Ua, ^G, with horljantal 
overiiiiiig rylindere, are subject to the disqualiSeiuion of 
kadiog impcrfeoti/ at high apaedi, aa ahnadj pointad oat 
for No. tti and wInn tho front wheolt ai« cooplad, thn* la 
still less facility for its removal, as they are I.ir<;i»r than single 
leading wheels niyuld be, and demand a gre«t«r inclination 
of the cylinder*. No. •><>. 11 tank-liieomotive, is, however, 
designed for mineral tialbo at tow speeds, for wUdi it appoaia 
well Miltad ; tho machinery is entirelj on tho oataid^ aad 
aaiBiliniadiataahaft ia anplajrad ta laaiifa Mid mubU 
tbo aetion finn tha erUndsiia. Ko. S7 waa dsaigned to twr 

on niineial lines in Wales, at slow speeds witii Iieavv trains. 
To case the rails, wkicii are light, the load is di^trihutsd 
upon eight wheels, placed between the smoke and fire-bozee. 
Thie aagina ia of eoano naaaitahia fin apaoda above 10 or li 
nUta, bath on aeeaant of ilo anaO wbaila aad dta aaalaad 
wheel-l>aae. In No. 38 the sgrlinitn are placed well np over 
Iho loading wheeb, and tha land iitafieiaatl^ wmunaiided; 
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hat the inclination is fo gmt M eonid ont/ be tcltmtcii nt 
iam aiiMiia, uiMl«r 20 milM ; while tLe midilEe «prii>gai, ut 
i tht feriiekl Mtion of the steam and the reciproeating 
t be ONfljr rigid. In Non S9, tiu ejlisdm «« 
I tbt iMding wfaeab, kit th* indiMtioB «an b* 
a* lata tlm in N«i S8i as Um lyVaitn mint aUnd high 
anovgli to clear not aoljr the wheel* but alio the coopllD^ 
rode. In >'u. 10, a bogie with very ."inall wliwls ii [J.i. r i 
right under tlie cjrliDders, and thus cdiuumIhiIj Uie niochiue ; 
and ia Mo. 41 a eingle |>air of wheel* is placed for tlie «ame 
ilkjM, In betli of tiMM tba in»i i B»t i iqn «C tiu cjiiodan ia 
d^eetwaaUy pi w t> aiaept for low *p— d a , and the dianaMr 
of loaJin™ wheel* is very finill ; iiiorc-jvcr, iu Xn. 41, a 
suiricicrii-v of leading weijrl;! must hi- pUccJ ujxju llia front 
vhcoli, liircetly at the ixjuiiso uf the fr ii-f driring load, and 
causing a very objecliouabie inequality of loads on the 
aanpled axlta. 

It iieemt, in fine, that wban all tba wiieala nn awpled, 
mriaide cylinders are qnite in ilis way, and there w no 

generally good plan for ihcii Jispo^al in high-speed engines. 
There appears nothing for it but t<! r«duc8 the leading wheels 
into ordinary carriers, and to fall back upon tlie Orewe 
ai^na, Ko. 43, aa tlia anst finamilj amtaUa amagMnanl 
Ibr Mtatd»4jllndin giDoda*«iv[^«a «lial«an tedafM, with 
ordinary boiler, wheels and niaehinery. In (hit, aa in the 
Crewe passenger^engine. No. SO, the eylinder* are mode- 
rately inelincJ, — at an .in;;Io nf 1 in ^i. — tl.fi fran.'^ nii I 
leading axl&-guu\iii sua luads iutle>xibl<>, aud the i^atiing 
axle, just 32 inches behind the middle of the cylinder, m 
aaffieiMitIf Cmwd to eooiinand tha Itaad of tba ai^g^e. 

Anaagtaml tf lia /^rte^a^Aa tha lalaial alabllity ia 
ioereaeed by extending the width of the spring or elastic base, 
or the transTerse distanee of the springs, it is by eo ntuch pre- 
feiabk. to plan* tl>:> axlvlifixe* and the springs upnn outsiile 
bearings, or on journals oTerhanging the whefb, in I'lace of 
biaringa inside. This arraagMnent, of ccurie, ppi-ads the 
■Mhinaryi and infolvaa • BMua alaboiata bmau tlian wbaro 
huMa kwrfnga alena an anplo^ ; faol diaanallir diamaiar 
of joumais, iiut thv i xtra stuMtity iuiil necoinmodatioD ob- 
tained, are »uiLciviil tuUucviiicuis far iu general adoption. 
Exclusive inside bearings for all the axle-s have, to be sure, been 
eoostantlj advocated aod praotiaed hj Bar/ dt Co., and one 
9tPn athanh an Hia aeovaof dwibtU^«r«xlea,aa the dowii- 
«aid pHanm tt tha land an tha joomak, aota aasfolly to 
eottnteraet tba aindn oo tha aila dna to rid* blows on tKa 
whe*l-ilBni;<"4. TLis ari^iiment is no doubt nf ^muf \vi :_'lrt 
for crank axles, which are of an ettentis^Vy \si':ik f u ni, tu. is 
proved by the anperior durability <'t crank axl- B with inside 
bwringa anij, aaiii|iand witb auch a* bav* outside baariaga 
alaao or in eonjnnetioii witii imida onaa; iM, tat atndght 
annying axica, rxpcrinieo has not shown any superior 
danbility in inside bearings. The best practical arnuigc- 
ment, coniljtriini; Jurabilily and I'-iilnliiy, tl..- employment 
of inside beatings alone for the driving axle, whether crank 
or straight, and for other axles ooiapled lo it ; and outside 
baaiioga far tiw indapMidant carrying axiai.* Tha aq^naa 
•r Wiban, Kitaan, Onnptan, and Allan, Nn. fi. IS, 90, 
Sd, ara exaapis* of this ttyle of amngcmanl. Sharp's 



Hi. flhniliqr.inUn. 



eri^in':'. Xo. .'. lias extra out.^iilc Ix'ar'r.i's to tt)i> (IrivitiE; bxIp. 
liurv «, Sliarps, and Oo<i«h's coupled goods-engine. No*. 14, 
17, SI, hare exclatively insida iaaringa, which admit of oom- 
paet outtid* aanpUaga aloaa to tiw whaal* ; and SMmoak'fb 
No. ISbhaaonlfida haaringt ta all dw atlia, and ovaHniiv 
aonpliap. Bni/X Vailtany and Stephenson's pnaaengeiw 
engines, Xoe. 7, S4, 91, SS, have exclusively inside beariaga. 

Till- arran;,'i-nirTit rif bearing* have r(f ,ii>mtend«d is 
Kp«cittlly uwt'ul in engine* otherwiae dispotsd to be unsteady, 
whether by want of balance or otherwise. In engines which 
ara othanriaa eooipleta, howavar, it daaa not appear ia 
praatiaa that oataida tattinga ftir tba iadepawdent wlntb 
materially in<T"a$-3 tlie stability. With Bury"* passenger- 
engine. No. 7, ami liif fii-wh«el 50ods-engine,wi(h four wheel* 
ei>n|/.iil, ari"ui;;' il I ko No. 1.", wit.li inside cylinders, and 
inside bearingo only, we have nin at SO to 60 miles per 
hoar, with perfect steadiness. With ontside cylinders, par- 
tioiUiijr if iadincd, aa in Noa. SOand 40, oittaido baaiLiga 
an of nartsRlI bmafil. 

Besides the position, the flexibility of theepringt rt ijniri". 
adjustment to the position assigned to them. The bvltcr 
the load is commanded by the whei<l«, tlie more flexible 
ntigr tha apringi ba with aafaty ; and net wma. Tbia baa 
baan piMtically taalad hf Mr. John Qraf, i^on aoma lang 
bailor artdiinie en<«in«s on the Sonth EMMn XaMiiaj, 
lika No. SI of the dia<!r»m-pl»te ; he rtdueed tha flaxlUlitjr 
of the fore and hind springs by shortening them from 3 to 3 
feet f pan, with the tama niunlMr and tliiekness of plat**, and 
ho found Uiat tha «Bgfawi fitdiad lia^ and leapt tha nib 
batter.f 

To perfeet <ba nation af tha apringp, ttaj nra in aania 

eases oovtpled by the u^of intermediate compensating levata, 
a4 in Sturrock'a gooda-eogine, by WUson, No. IS (see alw 
PkAea); tba driaing and irant wgm^ i, i, Fif. abnl an 

l»lWUM>k 



tha ailaa aa naoal, and tbrir tnnar links, a, b, aro pro- 
duced below the frame and attach to the It vnr ii. swung on 
the frame at e. The fulcrum, c, must be pl;u:c»i ih> as to 
diride the beam in the inverse ratio of the relative loads on 
tba ^ingi^ or a<uh tbtt tha nma ao, aty ar* to aadi atbar 
aathakndentiatotbalaadann. In tbia waj tho 1«a& 
on the apriaga ar* cqniliMiilad, ar maintained in a constant 
ratio to each other, M any dsAeotion In either spring, by 
fiiiliin' or ii.ciji;aliti<-^ oftlio road, is taken np liy tlin uther; 
iiriii the -Mi-';i, nilcil rn.i-r,< i.i better protcclf-l iVuui ti;o i.ff«et* 

Tho AnMricana nnka ua of cfaiiihrtating lama ior 
the driving and hhdvhaah. like Figa. and ttS, in tha 

latter of which the bottom of the firebox sapplies the 
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fulenUH nl tlw AyHUiij of dw iuaH bearing it d«riv«J 
•atlnljfiwmtlwiriviiBgipriiis Ihiw^ilMktW. TJugr 



ri;i.:iik«:».-M;ik. 




occasioaaUy einploj lorera with Tarialle fttlcia, to vary 
tht ■djastmrat of th« kada a nqnltMl.* 

For moderate spans, 5 feet aud UDder, dr. D. Goocli 
employs a single spring on each side of the engine, between 
twu pair of wliceli, aa in his 8 wheel passenger-eu^^ine, and 
in hia tank-engine, for the leading . axles. In the hUtcr 
engine (Plato 7), tbe ■prin' A, fig. £26, applied m- 




Ttnely, ia 6 feet long and is linked by tho bnU to tlio 
bogi^-framc, (be «nda bearing on the joiunali. The spring 
ituflf In'crinir<! til" oonififii'^Atinv l"vei, .iiv! iho ouiicussions 
from the wheels enter it. not at the butt, bat at the end?. 
It is, in fact, a part of tho suspended mass, aud the dead 
weight between the spring and tbe joamal is reduced to a 
miniintim. This we reckon tbe most perfect method of 
employing tin? autncy of a spring. Fur cuuplin;; under one 
epring the driving and hind axle* of the tauk-«fi2ine, 7 feet 
8 inehaa apart, Mr. Gooeb intarpoaaa a loTar, n, fig. SM, «f 
the same span, the enti.^ nf wtiii'li rr-sl i.n tlio i'liiriials. ami 
on the middle of which the buit of the spring c, U suppui UJ. 
Tho ends of Ifaaapifng are linked to the frame; and the 
wbolo ijsteai aaeuna eonstanti; equal loada «n tbo axles. 
Bat the action woold Iwto been improved bj inferting the 
-■irinz as in tlio bogie, at a, InilJpi; the butt to the frame, 
and the ends to the lever, aa the spring would hare become 
[tart of the saspcnded mass, aud couemtiTe aolioDa would 
iutTO bean reoeirod and neutralized nearer to the ends of 
tho lovar. Thia smngement has lately been eiupkycd by 
Havtboni, in eonpling th» three jounab on aadi aida «IUi 



two inverted springs. A. a, fig. 227, are t1ie ppringl, abtt- 
tingon tbo fiame^and link ! at the ende to the loraii, ^ 



veLiL 




tlutbm'i faamMn^-CmkmtSl* tt iMttUd %«iaci fTii » |«n « lti g lawi. 

wbleh aro joinud to tbe axlo-lona. Tbia gim a amootb 

action, and insures cor.st.int loads on all the axles; bat it 
coofiiiea tbeaping-bose injuriously to ooe-lialf tbe lengtb of 
tba wbeet-baao, learing overhanging naaaea at botb enda. 

A single inverted spring is in some cases applied trans- 
versely to the hind axle, in place of two separate springs, 
abutting on tho frame at the centre, and spanning tho axlo- 
boxfio; tnuuTeno epriage bare alao been ^lied to tbo 
driving axleo of ordHiaty ontaido-e^liiidar aogtnea, nn^ alto 
of Cr .nipton's engine; aud, by J. V. Oooeb, to the leading 
axlu iu conjunction with separate outside springs. Trans- 
verse springs alone are not generally advieable, partieularlj 
witb outaide eylinden, as tbejr ndnce the genenl ataUIity 
of tbo machme, and ft* power of misting internal dietnrV 

iiiL' i:nii>i i. Tlif I'luof i]c"<ii;ii uf Mr. Ciatiiptuii ia ajiplviii;; 
a single spring to the driving axle is to reduce the number 
of bearings on the elastic baeo of the ntacbine; by ^being 
only one pair of springe between tbo leading and middle 
axles, as in D. Gooeb> pbu, bo reduces the ehtstie bearings 
of the machine to three points, and secures constant loads 
on the apringa mdependtnt of all inequalitiea of tbe nuMbine 
or tbo road. Id tbiiBwajtboonginoNo.9, diagnun-platoS, 
by Stephenson, is b»."'i>(l 

Height of the Cmtrt of Gracily, aiul th Cenlre LIm uJ 
TraOttm^Thmf^ it ia proper to keep down the mass of 
the machine so far as eonvenieat^ tbo height of tbo eentre 
of gravity is practically a oiatter of minor importanee. 
We have found high-pit -lift '.nj^'ines to run vci v stoadilv, 
showing no peculiar snsceplibiliiy to roll, even witii inside 
bearings only : so much depends for stability on other and 
entifolljr diibiirent eonditiooa. Indentatioma of tba boikr to 
clear tto axlea and tbo ma^inery, or tho removal of tbo 
driving ax!'' alio^'vllici- to tlie rc-^r, witli tlio uhjrci lower- 
ing the boiler, are expedients which wo regard with iadiffer^ 
eoea^ and they can only bo viewed as imporieet lemodiea li»r 
wliat may otlit'nvisi? hty effi^icntlv prevented. It Is siippoifJ. 
itiJueJ, iSic ccijtro of gravity ought to be in aa near 
as possible to the level of the line of traction, or of tba 
draw-ban. Bat then ia ray Ilttia relation between tben, 
fSir tbe teal pobt is to plaeo tba draw-bar, or traetlon-ltne, 
level with the centre of tho driviti;' a.xlfi, or point of iiio])ul- 
sion. if it be above, the pull on the draw-b»r tends to rear 
the engine on ita bind wheels, oiT tbe leaders ; this aotvaUj 
happened to many of tbo primitive and light engines, par- 
ticularly Bury's earlier class, causing them to lift in front 
ivlii-n ^t.-trtiiii: trains under full preasure, and in quick run- 
ning, and no doubt baving amisted to lift tbem off tho laila 
In iisiriualod angina* ft MdIM 
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aetioD of the saois klcJ takes plaee frnm ih« fuim« <^ii|e. 
A nrmarkablo murnpU orcare in the Ln^iiie Kul-'^iJ on tlie 
Edinbiuigli and Glaigow Railmj, with » 6i feet driring 
vIimI, ii trhidi thclM af tha dtm^vb 10 tnaliaa ahm 
flit wrtw aC Aa anbk Thia aojilne ia knowD to dip tit 
bati mtk <i« iaaiMf Awb; tbat h, (ha extra pull with tli« 
bearier trains IrrinTihtriliniiatlll Iwf InwiWlhia, ailll huTWara 
tbe drlTini; vrtight.* 

FnUitiet for Rmuttng on CHrre$. — It is proved by the 
aatn waar of U»a laadiag wiiaet-ilaqgw of anjiinaa, thai iba 
labcwof gaUkqi the mMfaini &IU ebieflj upon the lead- 
ing wheah la averhuog englaea lUta tha Sjilijns, No. 1 7 
of the dfagram-plate, the tabonr la proved by the eeetiona 
ci tvr.\ fi^'. 217, to hi' I'X.-iT-ivc ; .'in.! il a,';:m'.-atoJ by 
the oiigusaily Itm tJiieku^^ss of oi the driving wIiih'Is, 

•a their flanges thereby had no part in gntdtag the machine, 
• MuA the dntjr davolvad eotiialjr npon tfat aKtrena wheel* 
liaqgia. Tlw ahianee of tha atmln at tlw driTmg flangeo, 
due to their iuferior tlii«knii«a>, certainly cased the passage 
of the engine on curves, coiuidnrin;; that the extreme flanges 
fixoii the p'liition of tiic t'ni;ini' <■» rai!.* ; Ijut, tha lollgirr 
tlie gttidiug jiam^r-hs^ of the engine, the greater ie the 
obhquily of the extreme axlee, and the oonstnuDed angla of 
wheals with tha nils ; and in the same degree greater is 
tbabtwBraiid IHetion of tha leading flanges. Tiie point is, 
therefore, tu rrjinlinie a slmi t fl with a long whrel- 

base; — the furnier, lu place tljs itai.iig tvhceU parallel, 
or neailv 6'>, to the rails, that they may roll freely aud 
lead gently ; the Isttar to maintain tha genefil stability. 
On this |iriiMi|pl«^tlia laadhig and niddla flamsaihoaU be 
i^nalljf thidc, ta mmm the enliio iatj at fidding the 
nwchine, and tha tnlllng flangn* dumld ha feuovod, or 
lotair.i il int r<Iy fur sfi urity at a reduced thickneei. It is 
amply proveJ t>y the worn lectiona of engine-wheels that 
their hind flanges, from tbwr {^erally perfect forms even 
when the other flaogaa mpdn nnawal, hwr little or nothing 
of the lateral etndiiiiig of thaeogta*. To earry out the Idea, 
the nlddlo axle should, whara adrieable, be fhrr<i close iu 
frant of the firebox, to gireaeolteient len^tli vf ihuii^r'-hue, 
and to itio^hlf tin- ci-iur« of gravity <>( tin- trirn'hii;^ w.:htn 
this base. Jkua Ui« general stability would K' eecuriid: 
the centra of gravity being be/on and also near the middle 
askb tha le«diiig and middle flaagaa wooM abwrh the entire 
oHttrifiigal Imm an coma, af whiefa Urn niddle flange 
would rcv-civr- (hti ^'natrr pro|H>rlioa, and would by so much 
relieve tin; I'-mlvin- ^ whiUt, a moderate remainder being 
reefffveJ to the 1»'.;it, Ijuih tlK> ItaJl.-iL; iind niUIJh^ il.iii;;e» 
would feel the centrifugal f irco, anJ be kspt taut to the 
outer rail. Nor is anything to ho feared from the want 
of gaiding llaogia ao tha hind wheels, aa all the lateral 
dlaiurhing femes arise and are absorbed in the fiwward part 
of the machine; aud, moreover, the hind wheels reserve the 
lateral frictional reeisitance of the tyres on the tails. Even 
in cases where the middle axle is plaeed before the centre 
of gravity, when tlie "ri;;irie tni;:;ht be liable on curves to 



• There ia s USmey ia the ordinsrj node of renewelimr the level 
«f tiMOiBtmef nvi^, aaaud^wilh thaaaaMwoTthe barrel 
eftbeheihr. 7ms Is bjr ne meana die esae, ftir tbe eeelie b uiuolly 

vefy little n*»("rr thr xif^cT ftHc the fran;<*, bp?r!r, in nnmMr-c^^S'? 
eoKincs, iifncrallf aK.Lt fijiir U^i jitir-vt? tltti t,ii.*. Iii rl;^. ILC[, iby 
foeium of ibe eooure of gravitjr ia iadicateil bj the iasoribud star. 



heel ronnd to the outer rail, the tendency i-i a ufe one, 
as it woald ease oBT the leading flange, and turn the head 
of tha angina atill mora into tha traek. Tha radnetiao of 
tba htnd iiaqgta nmst ba adaplad to dw aTonga of Aa 

quickest curves on which the engine is to work. In curves 
of a i mile radius, than which there are few quicker curvet, 
thr vcrfC'J sii.c uf a Hi fcft hin^^th of rail, rtprtsfntin j a 16 
f««t base, is ift- inch ; and to permit the inidiil.D whccl-flange 
to bear on the outer rail, when of the iawo tliickueta as the 
leadiqg liaoga, it mast ba lot ap to thia axttnt, bj ladaai^g 
the hind flango iihavtdoDUetba ■nounl.or t hidi in thick- 
]!■ S3. Tin- ."horter the wheel-base, tho nearer llie drivcii 
ai l' to the hiiid wheels, and the flatter the curve, tllti i&aS 19 
the reduction required. To meet every case, then, we should 
ailopt a fixed dilTerence of ( inch in the Uiickueas of the 
leading aud troilinj; ilangea, and keep op thatUafauiaof 
tha middle flange equal to that of tha laadm. 

Tbn^ wa believe, may the proUera he aalead of aomhin- 
ing a long wheel-base in engines with fixed wheels and 
axles running in fixed bearings, with a facility for running 
on quick curves. In such single engines as Adams' or 
Crampton's^ in which the driving wheals ara ptaosd at tha 
oiid%«itb ona «hjac» aiDoagit othtn of flaciBg tba giaalNt 
loada on the extremo wbeeb, the netbod ia inapplicable. 
Id Adams' four-wheel engine, indwd, the reduction of 
flange is not wanted, as lh« ^^h' fl-hxsi- i.« mojHratf; and to 
the other plaa we attach no practical importance, aa a 
heavy-leaded hlud wheel is not essential for etability. 
Loada on tha aztnma whaala an naofol onlj to eomct 
iroporfaetioBa wlileh my ba atbaiwlaa mt bj • praptr 
distribution of the as](% aad lha aqirilibntimaf intenal 
disturbing forcee. 

The methiMi ..f the swivelling ho^io franio, carrying two 
axles with wbeelii, under tlie fore part, is a more perfect and 
perhaps more durable application for adjusting the posilteaot 
the Ittdii^ aslaa, and gnidiqg tho machina. It ii^ howarar, 
a oonplieatioB, and Knitii the diamattr of tba leading whaolt: 

and is not, we believe, expciUut vxi-i'pl n|ioii ruilrtayii liar- 
ing their pretwling curvature of less tlian a quarter-mile 



CHAPTER IX. 



CoKDinoirs or tiil (Iehebal AnitworMEST (C'STis-fsi).) — 
Poamox or thi Canaa or Qkatixt, asd AagAmmiinitT 
WTn Atta. 

Tub ijillucucu u! the rclativo d i •< jHjeilion of the ma««M 
which constiiala the weight of the kaeomotifat on tha koda 
which an to bo oaniad bj Iho diflarant tsiaa, te nCiRiUe 

ultimately to its influence upon the centre of gravity. Tho 
position of the centre with respect to the axles, longitudi- 
nally, may readily be found in terms of the ilistani-<i a|i.trt 
of tlie axles and their respective hnA^ mffssmad ae the rails ; 
and, eonvenwly, wbeji the total WL'l<^ht and th(< positions of 
tlio eantn aad the ailta an known, tho Mb on the wheals 
may ha fbond. 

/' .'i. j f/.j,*. Tho ' hiail or weight on the wheels or 00 the 
axl« " is meant not only to express tha weight suspeitded b/ 
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ill Pin, lj.it til iiirlu.lo ,-i!sfi till? \M'i;;lit of lliD w'l.-'f'U a:iil a^los 
themselTes wiih iIr-Ii' a|<{>utuuauceai ; or, tuUtl^, Uia woiglit 

on til* nrib. 

JSdaHaim ^ tU Gmlra Grmity and tht LoaJi m tkt 
TPX««b.— lit. Tn % fovp-wliMled engine. Let a b b« the 
fi aiiii! .mil r-, D (lie iwu wlii'cl* on one side; draw the line 
a parallel to the raiU, in which tlie eentn amnnad to 
m4 ih» iMrpndioibn cOi ft n, thra^Bh nhiih dit Imda 
inkanMHUudtoactoDtlMi^. IfdMOHrtro 




of Cotn flf GnvMy, 



l>0 at «i midway between a and b, the total weight acts on the 
rafli throagli tho Mjud anntsa, o t, of the imaginary lever 

a b, and is ilU iiled into two equal loads at r; anil r>. If thu 
centre be at d, one-foartb of the dietanee aprt of the axlea 
from a, it divides the A\iiUM»ah \» tlw ntfo of 1 to S,aad 
tht liMglit to divided in th* aaim imtio inTemly, or aaeli 
titst th* load at o, Uinragh the ihoiter arm a d!, is 3 times 
tliat at D, til rough the longer arm. In general, the loads 
at the wh««U are to tach otiwr tnvwMljr at tiM hoHaontal 
diatimew «f tht cmtn »r gmtitjr bom tlw futieal lines 
throngh the axles; and the products of the loade by their 
respective distances from the centre of gravity, are equal. 

Putting w fur the total weight, and c and D, fur the loads 
at the raipaetiTa whael«i t for tho •pan or length of the 
«AmI-I»ii^ and a, for tho mpoetivo diataiMw of th« udeo 
C, 8^ fno tin MOtit; then 

•ro;a i : N : iH ando-fBi WT to: :a»-f 11^ ar«;«. 

O-a^N-^lf— ^ (1.) 

taA,c~Sj^ ... » (8.) 

wbii'li will aftcrwania reduced to rules. 

In a t<l.x-«lii;i!td engine. Let a b, fig. 229, be the 
f»(n«; C, D, E, til'- tln LO wheels and axles, and ahw tho 
loads on them, and « ^ tLa hairimntel liao thraofh tbt enlro 
of gravity; put « for iho total load,* far tho lAidpbaaao ft; 
ntws. 




xi, n, for tlie distances K|i«rt of tho aiho, « ft; and a^ for 

tiio diataaoe a if of the centre d from the uid ilo axip. Then 
the •am of the products of the loads E, c, on one aide of the 
centro, by their distances from it, is equal to the podnat of 
tiie load D on tho other side by its distance; or 

Ccx*) + (bx (■«+«;) =Bx(i.— «). 

and w c 4- II -r PI, wlwooe 

^ _ (nx n; _ {K X ^) J 

CoBvanelj, the centre being given, also the foaitiow of the 
and tlie total hMd, tha laida «b thowhotb najbt 



varied; for, unliko llie oase of four wheels on two avTon !n 
«'Li:'li tlie loads are lixed and unalterable, three axles a<liiut 
of a variety of faiad% hat the variation is always such, that 
the loads on the eztreaM axlaa inereaae aad dimiaiab togetlier, 
though not in the same ratio. If the load on the middle 
axle be reduced by suitably aJjujitiriL; the mid<ile s{inn;n, 
tbi diffanneo ia diatributsd atmuilanMUslj between both tba 
oad axlaa; if tDoraoaod, tha henaao iawithdmrn fnahoth 
ends. If,a2ain, tho load an either of tli^ end axles he inercasod 
at lliu gpriugs, the laad on tlie otlu-r end axle ia ini;r«M«d 
•imaltaneoBiij,aBd to meet these joint demands the middle 
azlo loaaa an aqaivalent of its load ; if tho load on one «nd 
ailo ho redaead at the springs, that of the othor and axle io 
also reduced, and the two portions thus set free arc added to 
tlie load at the middle. Xiia relation of the loads is, then, 
affected in the same manner, whether the fore, the nUdle^ or 
the hied springs be submitted to adjustment; it is a matter 
of indilTwenee which, as by an adjustment of any one or 
other of these pairs of spring*, every practicable alteration 
of relatira loada with inda|iaadoBt apnaga aan be offealed. 

Km ihe kada on the axiae vasj ho Tariona, thay aao onlj 
!» determined by fixinij t!i« value of one ; when one i» fixed, 
it fixes the two others, and the followiog is the nicihod of 
finding them : — 
Fiirt, wh«o the load o on the middle axle ia given. Snb- 
a in equation (,*)), its valoa (w — 0 — D), and 



andnBv_o— B> 
Saaood, wliM the load Donenaof the end axlaa ia given. 

Invert foianda (4), aad we hare 

and B = w — c — D. 

From the foregoing formnlas wo deduce the followiiig 
rules: — 

fioui l.—T»JM Ut Ptmtim ^ tht <k»*f ^Qnmtf 
itrifnUaBy. wUe A*hadi on lie aiit§ ami tMr distanea 

apart ar^- (jlrm. 

Ist. For engines with four wboels, mulUply the load on 
the driving axle ia tonaii hy the bnigth of wheal haae in 

feet, — and divide by the total woipht in tons. Tim quotient 
is the horizontal distance iji feet, of ike c<:uti:e of gravity 
from the other axle. (Formula 1.) 

NUt. — When the loada on the axloo are aqoal, tho aantif 
of gravitj liaa hal^waj hetween then. 

2. For engines wiili six wheels. Multiply the loads on 
the fore and hiod aaloa, tu tuua, by their respective iliatanwie 
from the middle axle, in feet,— find the diffeNnea of fba 
producU so found, — and divide this diSerenee by the total 
weight in tons. The quotient ia the distance iu feet, of the 
centre of gravity from the middle axle, measured towards the 
axle for which the greateat product was (band. (Formula 3.) 

J'i*'. — Whan the pndoeta are equal, the eentie of grmvity 
lies exactly over llie middle avie. 

RuLB U.—Tujiud tJu) Load* on Um Axln, vhm <*# Mai 
«tigkt, tht dittane** ofth« axlf, tmdthftMm tfAtmm 
^grwtity, itruKUaUf, an ghm. 

in. for oq^aaa with foir wheels. Multiply the total 
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«tS^ fa tarn, by (h* dMnw ef tlw enlra «( gnvitj from 

the driring *xl«, — and <li?ida by the length of wheel-baue. 
The quotient is the load on the other axle, in tous ; and the 
difference of this and the total weigkt h til* Iwil flit th* driv* 
ins axle in tout. (Formula i). 

:V^.I^_ — Wlicii tltc centre of ferity il liattmiij bltmai 
tb* axUa, tJia ioada on tlia miiM an aqoal. 

td. FMrtngtiiMvitli afatwlMth. (1.) Wliti}tlit1«i4ca 

tho MiiiMIi- .-ixlo !.•< glvrii, MuUI|ilv tl;« I'liri] wri^lit in tuns 
by tils 4isU!jc«! Um; «iilr« uf jjiavjty I'luiii Uie Liui axle, 
in feet, — multiply al»o the load on the middle axle bv its 
diataiMM from tlu hind nie, — find tiw differam of tJi«M 
tm pcDdHeto.— mhI di? id* i( Ij (ht wM-taah Tka qoo- 
titni it tiw lutd ia tow «paB Ilia front oxie ; whnct Um 
ieaii OK til* bind txla ntj alto In» TooDd. (FonniiIa4.) 

(2.) When tlie loud on one of the rn<! .i\lf« i-< ;nviii, 
Unltiply the total weight by the dislance of the centre of 
gwrtlj tnm the other end axle, on which the load is un- 
kimnit-^vUipl/ alio tlw givw load bjr tho wlitol-baao, — 
tad tin difbram «f tiuoo pradoHa,— md dirida H hj Iht 
distance of the middle axle from the afonaaid end axl?. 
The quotient is the load in tons open the middle axle; whcnco 
the rcmainin'^' I'u l ir.ay be found. (Formala 6.) 

yole. — Itulr* might also be gifen for finding, inversely, 
the posiiioQs of the wheels da* la a given centre of grjteity. 
TImm poaiiiona aiagr, hotrov er. b« fuund appmimaioljf a 
few triala witli tlia ralaa already given. 

EjtampUi of the apflieat'u u of 7'rl-i. — To fir. l fli-j 
centre of gravity of No. 1 foui-w;;ecl tn^ico uf tUt d.a^raju- 
plate 6. The wheel-base is 6 feet, total weight 9 tons, load 
oa drirrag Bsla fii tons: bjrBulel^fi^ X fi 9 s 3 05 feet, 
. «r 86} iacboi, tb« dblaneaof tbo aciitM of gnvily fnm tha 
laading aiii^ or uaarij % foet from tha drimn, aa alioira bj 

tb* TCrtical dot-lino « on the dia;^ram. 

To find the centre of gravity r.i N-^. 4 six-ivhael engine. 
The total weight is 11} tons, and tl^'^ i":o aui hind axles 
are and 4} feet from the driving axle, with 4} and S 
torn of kad: bjr Bolo I, 4i x 4^ = 2i>^ for tbo Cm ask. 
anddf X SK9}fH'tbabbtda«la;aBd90i>^H<=10t, 
the difference in favour of the fore axle. FiluUy lOf ' 
114 = '935 feet or 1 11 inchcis the distance of the emtrs of 
gravity in front of (he driving ftxti-. 

To find the centre of gravity of >u. 20 i'ight-whecl engine. | 
The loads on the coupled wheels being equalised by on equi- 
libfiating spring, and alao tboao of tho b«)po vboola, the 
cDflne may be estinwtod a* » foiip-wboolor on a wlieol-laM 
of S fti'C + one-half of 7 feet 8 inches, or 11 feet 10 inches. | 
The tut^l weight is 35'8 tons, load on driving wheels 21*3 ! 
tons; then 213 X 11S3 ■+• 35 8 = 7 feet, the distance of , 
tbo ««iitro of gravity from the centre of the bogie, or 1 foot 
ia freal of tbo during ailo. 

/ilftlaMM* ^tlu MttlmFmiMm ^At Chalra ^tSrwi^ 
mAfSttAiitit.iifoitilwJitm^tm^kt'WMki — Theoendttioa* I 
'.ilii.-li i-tisefly control tlio an-a:ii;fnn'i.t iT i!u> are that 
there shall be a sufficiency o: ivti^lit on the leading wheels 
for safely guiding the maci.ii'.<^, an I on the driving wheels 
for porpooto of traction. If tbo axles be ao pbMod or so 
loadied that Ibit* ia too little dftTing migbt, aad a ourplus 
of guiding weight, the condition* are imperfectly complied 
with ; and it it imprtuit to know not onl/ bow to set oat 



an engine froai tbo feondatioD. bat how aba to Nowdjr da^ 

fective arrangements. To illustrate the tilbjael^ wa bata 
selected the Crewe passenger and goods-locomotiTW, Noa. M 
and 4S, lii.ii^i.ini-pblila 4^ af wbidk tha Mhniiag an tha 
necessary data i-^ 

VV'bccl-lMua, ... IS (eel 1£ feet a uii.-ii««. 

Front to tnkldle wlmcl, .~, • bit 6 inches ft „ 4 „ 
MKldktohind do., „ « „ 0 „ 7 .. 4 ,. 

**! «i«eb««>»fiW- 4i»ch~bcb"d. 
Total ve^i^lit.' ... ... !• Moo 10 Uwa 12 ewb 

Losd m front axle, ... 5toaaUewL < «, N », 

Do. middle do., ^ «. • » IC » 0 .. 0 „ 
X)o. iuad do.,... ... 8 „ 10 « 4 .. m ., 

On these data tb*TaUelfo.za.ieooMtmet«d, to show by 

exantpio the wRune* ef tbo peaition of tiio centre ef gravity, 

and reciprocally the positions of the axles, up m the ^oa js on 
the wheels, in which, generally, tha resalts are worked out 
seprately for fixed laada OB tha drifing adiail^ and on tha 
leading wfaeoU. 

In tbalint part of the lablai tbo oeutMof gravity ia iap» 
posed to range over 4 feet horizontally, or S feet before and 
behind (he driving axle, a constant loaii of 9i tons being ' 
securcKl to the driviii;; wli '^ h. As it slii'n I n l, ivards, the ^ 
front load is reducvd fruiit 8i to S tons, iVMiti xipei-fluotul/ 
much to too little ; while the hind load increases, and iagoad , 
for very little. Aa a fnmt load of 5 tons is considered ne- 
cessary and anfSeieDt, tJie centre of gravity should by tbo | 
table bf at li^a-t as f.ir uii'.var.l a-i the- Jir.ir.i: axlu. Hut, ' 
with only 5 t.jus iu fi-ont, s^\\ iti U/ia at tha luiilJii-j. tlicro j 
is a balance of 4i tons not usefully employed, which may be 
itsafuily thrown into the driring we^bt: to show what may I 
be done in tbia waj, ia tiiB aana paH of tba table are added 
the middle and bind ireigfata, «lib a eaaitaBt front might 
of 5 tone, dne to the pfoserlbed poaitioni of tbe centre of 

pr.iviiv, fi'Mii '\\ .■i:ipr.:vr< tinil wli-n tliff cr-ritro is 

Iti iucii&j U'f Or ill " :i\]<',tiic whole balance uf 1 4 tons becomes , 

driving weiglit, Ir iivin^ nothing for tbe hind wheels; as the 

centn abi^ backward!, tbo «brifii|g «e^ falli to 4 tou^ 

hating 10 teoa of trailiiv voigbt hi tbo tear. Tbna, in 

either cose, the removal of tlie centio of gravity from tbo ^ 

front, radoces the useful loads, — those on the front and drir* i 

il ,' ■.wVt. — :itiii throws a surplus i:: n the hind axlv; and 

th« ubjfci siiuuld bet, to select eucIi ;v position for the centre, 

over or in front of the middle axle, as shall yield, besides the 

reserve of 5 tons for the fironi ioad, (be gioatoat deoinble 

driving load, leaving a ttiSe for tbo bind ailoto keop the 

bearings taut. ' 

Uut we cannot reasiily »liiu tiio centre of gravity. We I 
may, however, place the driving axle with facility where 
ce^airod ; and tbia ie, for preecot purpoeoo, equivalent to an 
aliicatioa of tha oentra, ae it yieUathe naana of throwing 
the centrainla tbe desired position with napact to tlia nlddla 
axle, and of thereby adjusting the loads. 

Murnci '■>' lis Potitim of tilt iliJdle AxU. — The second 
|uirt of tbe ubie shows that in removing the middle axle 
backwards from under the centre of gravity to 24 inches 
behind it, the front load is increased, when U)e driving toad 

* Tt o f nrtieulara of lhi< ••n- obtsinedfrooi No. tSt C.fL, 
OIK' i:t u iiMiiibcf msdc nftc^' tli. . i.>ii!ij{Crcwe JBMOWIi Vhovi^^lla 
were taken by one of i'oulcy s maciuDU. 
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is coftatont ; anil tlmt, with a conttant front load, tlio driv- 
iug load is iMMMd; while, in both cmm Dm biad \mA m 
r»luc«d. The en tlw dwtribotica of tht IhA b &m 
substaotiallj the Kmv vlnUiw Um middla aula be iMNfai 

behind tho centre, or Oio MiUM imowd Mora tfce 

tlip of tlio worlun.' Toads on th« front and iniil J^ri axles 
txiiug iuctoasuJ,iUiU tLo passive load on ibo hind axi« rcducod; 
and the position of the middle axle may b« adjusted to eon- 
Tert aaytluDC dwrt of 14 tent into drif hiig mighli with » 
naem tit 5 toua fcc laadwg. 

third and fourth parts of the table show that, within prae- 

r.ii'jl limits, tlii< itinui'iici.' i» fiiia'il, Su.rh in it \f. tlic far- 
tticr furwiiu-J tiia fa>iit wIkm-Ii arn iil,v;i--.l, the hm is the 
whole front and midJIi- l i.-^d ami Uu- greater is the hind lii*d; 
the CwtiMr bask tha bisd wbaela, iha gnatar ia Uia wluia 
load Ibr tba Aaot and uiddla axloi. 

Natar* of the simtdfanei us Varudhnt cf tfic Tlircc Loails. 
--Thii it illu.^lraivd iti tli'> (iflli ]>nrt. .siiOiviij;^ two i:a<r3, in 
wliii:l» tho cintrrt uf craviiv i.i G Inchi'^ l.>l■^!)rl^ llio iintlille 
axle, and c'xactly ovtrr it. in the lirii case, it is impcasibUt 
to deprive the front axle of all its load ; is tha aaoood, thia 
majr ba dona^ and atiUnwraiaadUjrae^if tiwaantn bafe> 
AiWttw aila. It ia that tba liMBt and bind latia 

ri^r and fjIJ tn^fther, thai if tli>! nrip vurv fhi? o'.hcr must 
iklita vAr^, aud tliat as thoy iiM or fiUl, the uiiUdic load ia- 
versely mnst fall or ris^ and vim ttrta. 

VdrMmi tftkt LoaitvfAt Gt«4»'£i^tit, teiik CinyM 
meA.—Ut. Wboi Ow hiad iriiaab an cev|M 4a tko 
middle or driring wliaebi, the hind load heoomee usefal as 
driving weight, and it is an object to equalise the loads oo 
the two axles, a:iii th^it this be done with the least sacrifice 
of drirtug load, incurred hy superfluously charging the front 
axle. Tha lixUi part of Iba table contains the loads daa 
to paattiana of tha drivu^ aila bam IS incbia baftra to 
12 inebaa behbid tbaontoMrilh sSiad ftant laad afS (ana, 
and 14i tons driving weight on the two other axle«. It 
ai^ean that, in aU poaitioas, the middle is greater than tha 
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liind load, but thai tliey approach nearer to equality, the 
fiHllMr temfd the niddl* «l« ia fHimi, In th* ama part 
of th* tahla, the loads for equl middle and Mad we^trti in* 

pivi-n ; aliew iuL: tliat tlio crcatMt amount of driving weight, 
l^J tous, ia hini witli tli<- foremoal position of tlie middle 
axle, leaving 61 t<m» in fn nt, or IJ [•ms ni'iit> tli:in iirc-is- 
Hiry for leading. Thoa, an eq'i.ility ' f miii Jlo and liind 
luada can be had only by a partial sai-rifuc of ihi; total driv- 
bg wughti ^d en thie graimd it k ikat Mr. Allan kai 
{infnvMl ndi aa mmt ef load «■ bia driving wlMela. 

Till! r>'tri!iva'. of til" front axle 'jrwarfl. ajsisls In pqualls- 
ilig and teBpitig up tlio amount of crivn:^ wii.'ht. In (ho 
Mveoth part of tabic, tiio frotit :>xl>.i if foruuril 
8 inchee, which in the Crewe engine wmiM if rn^irse demand 
8 inchef longer boiler. Thia permits tlie di-iving axle 
U iaebia before tb« eanirat by wbieb tlia diffiannea of tbe 
middle and bind load^ witb 6 tena fl«nt bwd, ia ndnead 
from i to 2 tons; and, by !l;o p:iiii<! part tif tin' table, those 
luadu lEiiiy be equalised by a ui^nlice ui nuly 7 ton, making 
a front load of fi-7 tona, and a driving load of 13'8 tons. 

Sd. When the (root wheela ara arapled, the eooditiona 
aw aimilar to tbeae of • aiagk wbeal engini^ In a» far aa 
(ha middle axle abaaM ba phaid well baeb, te take np tbe 
tnllbg weight, and to fhrew mere u])on the leading ui* ; 

and for Ih* samo reason, tliD IraiUn;; wlicela s'lculii he kept 
as well back as ia cuusjsteut with thtitr proper function of 
I'laiiiii:;. In the aocond part of the table, wlirro the middle 
axle ia loaded to 9k tana, and jtlaead S4 inehea behind the 
eiiitni iba fiatit lead k ri tana, mUqr 141 tan af drMv 
weight, and leaving only H tone behind. When tbe leaA> 
lag wlieeli are couplod, the cylinders ahovld bo ptaiiad Taside. 

3d. When both the front and liiiul wlii-i']» itv rnti-AiA, 
the object ia to distribuis ttie ucigltt eqaatly on tlie three 
ailee; and the condition* are partially the eamc aa those for 
eBginea in mbieh the hind wheola aleoa are con|ilad, aa the 
aauM atepa antt be lakaii ta ebaige <ba bind aila%— bjaa»- 
ting forward the frontaad driving axles. Id the Crewe goods- 
engine, if all the wheels were coupled, the middle axle would 
do wellwheri! it is, hy tl:ii tablo, sixtli part, it wouM il'i 
better by being placod at lea»t ti incites before tlia cc'Qlrii ; 
and still better if the front axle were removed 8 inehea for- 
ward. In Nea, 18 and 21, eonplad enginea, tlioagh tita 
leadfaig aslea an, by tba uuUa^tndar anangenent, lei 
belter forward than in the Crewe engine, there is still a de- 
ficiency of trailing weight, aa the centre of gravity is nearer 
the front than tho lund axle, anil is also before the middle 
axle. In Iwth uaaes, the middle axle ought to be placed 
^ er doier to tAt tnd axU teiiok i$ neareit tin 
, (oaatam laafnal diatributiaB of the waighk Jko' 
eoidin^y, bi No. SI, where the driving asia ia bettor 

ward than in No, IH, tl^e lua.ia are more marty e<ii.ial; and 
in No. 17, wlure the liinJ axle is wi'll for«arJ, tliL> middle 
axle is placed next to il, bcca-isc tlio luiiJ is n-'iirer the centre 
than tlie leading wheela, and an equal division of the weight 
iieflbetad. 

I^mtn vf 1*0 PmUM ^ tU Jkitii^ Auk in tkt rmr. 
— Whcnlbedrivlnf wbael ia behind tbe firebox, (Cramp- 
ton's svsli'tn), the rt'iuoval l/arliwanl of tl.o uri-ri]:i: wlictle, 
cylinders, and gearing, 2 to 3 tons weight, to snit this 
ividilt llw iBtii af fimeilgr aa Ihr, and 



faeilitatee the adjustment of the driving load m ih<s hind 
whesla, Aa the Oiawe engine atandiy the flf lb part of table 
abowa that net matarialijp abara 7 tana aan be gat an tba ' 

hind wheel", leaving 10 tons on the front; if tbe gearing 
were actually removed. theM loads would probably b« equal- 
ised, aU'i in f.ii-t, in No. .'14 of tiio (lM^'nun-p!;ito. on Cramp- 
ton's pbin, tlio extreme h ail? are exaitly llj tone 
each. A bare I'lunl tv of ili<! hind and front loads is, hawfvar, 
all that can be atiained, ai tbe centre ef gravitj, in • aqw- 
rior positloa tbengh K be^ ia atill aa ibr from tbe hind aa 
from the front axle: in the example before us, No. Hi, il U 
just equally distant. Dut, the relative po«itii>o of tfu- ecntre 
of gravity ia adjustable also hy flufrliiu- ri ri\.\r,i f!ii- front 
axle, which place* the centre relatively iJtarf r tlip liiod axle; 
and, to obtain sufEcient driving weight, Crampton's ellginea 
are eommoo^ ao deeigncd, — with a long wheei-baaa^ anmnt' 
ing in Na. M to 18 fort. In bia tanb-englaa, Na. W, and 
in the "Liverpool" (pa;;.- 10) thu front wheels An- al<u 
placed well forward, uot so tnueb to lead well, there being 
little rxireme weight in finat^ ai to diatbaiga tha load am 
to (he bind wbeela. 

It fallewa that OtuiptonVi «n eaaanfially baavjr cnghMM, 
aa their front loads mnat ba ilwagia nt kaet as great aa 
their driving loads, and thetelbn eoperflnensly great ; and 
as, consequently, with three axles, ft wlii h ilii> miil ilf one 
claims a lo.\d. the drivins weisht c&u tictw «uiuusU ii> even 
one-half the total wf-ight. 

(Uu When all tbe aslee, eingl* or aoa|>led, ara placed be- 
twan tba amabebax and finhox, (lataljr atephenaanli ajt- 
tern) aa in Nea. 81, 9% there is gr«at facility for tocreaeiiig 
tbe driTing load, — in No. 31 particularly, where the driringr 
a\I;' i» in the midOli; an l tii r>rl_v iin ior the oentre of Ljravitv . 
This engine is indeed diiui<;eri>u>ly easy of adjastm«>nt, as 
tba aentrc ia Mind tlie axle, and the driving spring may 
ba aat np aaSeioill; ta Ube oif tha antira leadiag wa^t, 
Tbta «a bnva bnawn aatnalljr to happen hi ana eaaa, where 
tho engine ran more tlian one trip with the leading springs 
quite relaxed. lu No. 32, the driving axle is n)uch more 
Mif> I v pU -i.-ii tlian in So. 31, aa it can only borrow an extra 
iuad from the middle wheela; and tbe mere the drivii^ load, 
the more aleo il tlw lead% ktd, wbila Ooatabaitjr b andi- 



OHAPTEBX. 



It baa been shewn that the etaUlltjr of tha loeouMtire aa 

a carriage depends mainly on the internal arrangement, tba 
balancing of the revolving and reciproeating mosses, the die- 
poeal of (1)"' wlifi'l-i anJ axles, anl the 'li5lril'utlt)n of the 
load. \V'li< r«a« it lias usually been ht'ld to be a necessary 
condition of steadiness that the axles should be equally 
loaded, and that the extreme axlaa eapeeially ahonld be w^ 
loaded ; it appeara that bawovar henafleial aa a eametiTa, 
this con ation o.-ui 1m' riewed only as an expedient, and that 
though it may lop off some of the greeser forms of insta- 
I Ulilj, it lawni uttwhad tha mm daap^ iMtad and 
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PHraioa^T ca 

rquall}' rormMiiU* 4tit(U''Mngr cmmi. Portlier, it ta fonnd I 

dial win :: tin- ;i:ti r;i.i! fliflii.'l.ing C»U»CS OTV l.ilaiiri i, nmi | 
th« utietuii iudmi jiraperiy (>laced fore and sft io «»iaii4 Uie | 
«iu|>«ttJi,'<l inaasu, great ain\ valuublu liberties may be lak^ 
«ith the general arraageinenL, w4 wilb the dtttribtttioa of lb* 
wtiglit u|Kin tlio axle*, without dauigiqg A* fining* ^mli- 
ficiiioiM of tb* maeliis*:— bgr k pMf*r atlaiitiim to dmwi, 
wttiUt Bad inuds grlindsr engiiiM nujr Iw imtdo •qnal]/ 
Mt'a<ly, the n iiln; i.f ur .viiy may be high or low, within 
practical limits th« ilitvuig wlieel* nisy bu plaood anywhere, : 
and the loads on tlie axlea may be proportioned at pleMure, 
rcMrving • tniall proportion for necessary leading weight. i 

Balanet of th« Inttrnal DistHriing Forem^th* iltti*- 
bilitjr vnmg fnm tbo tiit«nml ntbolMmd ictien if llio 
BtMhlntry tii dovwiopad In hmf diflaraiit finnna of gooin*. 

tiiii!: — sini:'i'i'i, jiiiclnii.', nM'l.Ii).', nnd rL-i')]'roc,-itin:; ^no- 
ajid-alt iiiQVf'iacijts. Tiie fij^t sJiJ liut aru caused Lv lliu 
reciproeatiri l: iii:lsso3 of the crank, piston, and connections, 
and by unt'ijii-tJ adniii«ion* of itratn to the front and back 
ends of the cylinders ; the second and tliinl by the eUiqne 
actioo of the eouDMtiDg rod* o> Um ^idebm, dot to tiM 
•twni-proMnrt, snd by th« direct proMnre of tlw mm b 

incliiiii.l c;, liri'ii'rs. With OUl»i(tf i-_vlini1rri l!ii: :iction of [ 
tiicie caustjj li better (!eT*loped than «(!.)» vvliudcr*. 
^ Tlie former irrcguhir u 'uli <ns are removed by the application 
of counterweight* in the vrbvcU, bvlwoen the spokes, equi- 
valent, with outside cylinders, to the whole rovolving and 
ndpracttingvoipliij of tlio crnnV. f>^^I<:'n, aod oiniiMti«ni>, 
refmed to tl» crank-]. n|,|ii>!;ed to tlw erank ; 
and, with cylindni iii-:Ji-, in iili.mt tl-.n-r-fiurtli^ of tljis 
weight, more or less accuidiag lu llic git^iUr yj- l^'ss vvidlU 
a|«rt of tlie cylinders, not directly opposed to the crank, 
but diverging to oue aido tomudt the coun(rr-.Y(I'.rV'{ in tli" 
nrij;hbonriqg«k>«l,vhMI«Mnin«idoelevati>>iL. TIk> i'L'i. i . 
irregular mofmiiito mn MBtrallod and Mnd«(«d hornUM I 
by an adjattniHit of the filTt-gw lo oitt off th* Mown I 
equally for the front mjX lisflc elnitcus, \)\ O.u n-c i.f ,% suf. 
Iiciently long couutcliu^' ro'l. at leapt six tiuua the length 
tl c.-niik, liy placing tliv cvliii i.in horiiontally, or nearly so, 
at .-111 ciii;:ls not greater than 1 in 10 for higli-tpccd engines, 
ail I I ill 8 for engines running under SO miles per hour; 
and by regulating the flesibUil^ of tbo apingi. For all 
practical purposes, an angls of 1 in 14 io M good H • hoft- 
Eontal position for the cylitulers; r.nj f^r ^peadl urfcr 
20 mile* an anple of 1 in 5 tiniy bo tolerated. 

Tlic adTantiEe.i of bjl.iiirin:^^ (l;n ni.vtiiiii'ry ,ht. tliat tlio 
motion ii stciidiir, tlie ^training of the engine and the rails i 
is leas, ill' rr li tc' ir and wear of everything concerned, 
tkm i» 1m» retioUDOO to tbo pragNMivo notion on tho fail% 
with thoMnopowors fc%h«r tpotd n cUhmAK asA Iho 
facilities for carrying out the roost deauaiUa aiIMl|iaMllt of 
the machine are greatly inereaMd. ^ 

ItKi'!< h'.iil C'.iuf.t of liiit il.iiii'j. — IrMaliiii!', is rd-.i occa- 
sioned and inciea.sed interLally by a want of jiaiaU-alism of 
the axles, which hads cvriago to run awry, by the 
(lajr Af tbo oxIoboMO botwom tboir goania, wbieb thfowa 
tbo Bxifli of tbo aqaiM, tbo tnar of triw into hollow 
aietioaa, and by their unequal wear, forming wheels of un- 
oi|aal diamotont both of which reuiltaiaereaaetjie oscillatory , 



LoooMorras. ids 

Eni;ines aro tiaU* to vtrtieal fnalaUltir, wban tbo mbIho 

of the draw-l.:ir i..< aI>CA i- tlif levi<l of tl;e cenlrp of tli- driring 
axle, a* tiie tvuJency of the difference ot level i# li> rclii»v<> 
the leading wheels of their load. 

The external caoBM of instability, in the perm-mcut way, 
are to be found in tbt fnm and clearance of the rails, and 
in their want of exact gaago. If the rails be flat-boodod, 
oitbor by the original teetion, by wear, bmising, or otiitrwioo, 
the wheels find themselves ruEiunt:, iu virtue of their r ml M \ , 
on constantly varying dianie<i-rs, .\ loanded he.id re la cos 
the limit* of thia variation, and pmnin'.rs stability. If the 
clearance of tbo mils and tbs wheol-flangcs, usually a total 
of i iueb, bo lodoUj todoced or fnoiMaed, eoncassions lat^ 
rally an iaewmd is thafmt aate, and in the seeand th* 
rolling diaaiotar of tha whiil wban going straight aboad, fe 
xM.r i. A want of faog^ hlMiaQy «r vHtiaail/ ia atmilai'ljr 

utit'itvirurdye. 

Arrttng«me»t of tkt Frayin', ,1j ft'-AAjj-ii,.?", an i Sj'riii;;.'. 
—In general, outside bearings, springs, and frames, »lioid I 
bo omplojod fur tbo merely eanyiag axles ; and inside 
bearings alone for tlie drivio;^ and aoa^od aalaa. Ibo 
duplicate frame-plates required 4m tuA M» for IUb imrpooa, 
wtii i: projicrly united, greatly increase the (trenglh of the 
fi-.niie i fuifi abundance of room is made for the sprintrs and 
their connections. Tlii lalcral spi oad of bearing is ;«[iei i.dly 
useful for outside-cylinder engines. In goods-engiucs with 
all the axles ooopled, issido bearings akme should be em- 
ployed. For engines aoder IS to 15 tons weight, insido 
bearings only may be usod, for aimplicity of framing; and 
in cotl»idiTalii>n niso of llic !i,'ti!iT loci ls, .irid ibn greater 
space for tits stosaco <>t" inside .'i.riii.-H. The pprings may 
bo linked for the Siiho of ccinj'cn-ation in f tino of thCWII^ 
alrea<iy detcribcJ. particularly in cou(>l«d engines. 

Ari-iiii^t tueiii andlfmiAlf^the Axlu. — Stability dependa 
gnatljr on tbo ananginaat of tbe axles and the spring!} 
and tbo naetaMry ooD^ttona ar» rvguUited by the tposd on 
the rai!'. 1st, 1''or fi:_-inf.i, or such as are des- 

tined to run abov.. £(J to miles per i.n.ir, the machine 
must lie widl .<ti[ipi)rrivi fore ninl afl : tlm ei'iilri' of lln.^ 
leading axle iihoui<i in all easas be within IS inches from 
tbe smoke-box tube-plate, or from tho badt of tha aylindara 
wban tbaia an in ftont; or at Uait aot man in aqr aaaa 
than M nNhea from tho mid-Ion|^b of tbo eylindora. Tbo 

trailiij^ axl-3 sl:o;i!d invaiiaLIv be teliiri I tho firebox, as 
closi'ly as is olhenviso dtsiralle, to limit Ilia whccl-liAse: 
tiIo^l^l^ il;:.K coLidilion may p: rli.ap< be nlaxc l in tin' rase 
of light engines, under 13 toni, with four whc«is. 2d, For 
low-speed engines, ruiiiui.^ under 20 miles per liour, 
tho kmigoing conditions abooU bo attandad to when oon- 
Toaiont. <tao ado otaj, boworer, bo withdntwa. in lagiiMa 
under 18 tons total weight, leaving only two axles ; ami tho 
firebox may be overliunc without injury to the carriatre; tbo 
cyllnuor?, ivlie'hcr niFi'te or ouralde, may alei bo ]>':»C0<l 
hoTuou tally, and ovuKhiiHL' .-<iil.it.'ieatly to clear the leading 
wheels, as in Nos. 8, 14, SI, 31^, of Diagram-plate (i. 

In oig^M with indi{Madaiit wbods, tbe axles slionld bo 
amngid whh l a fcwnca to tha kada they rrquin. Tha 
leading axle demands weight to keep the wheels to the raiiai 
and the driving axle ra)nirea weight for adhesiuu ; tbe two 
ailaahKvaaa(onMfiuMtiaa%aiMi thtgr abenid not bo {das' 
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tified or rombined in one, as iu No. 10, Dttgrui-pllte G. 
In wtll-balkooed kod w«)1-amnged engines, oiM-fourth of 
tlif> tot.lI woiglil i.i, we believe, neceeury and euScI<'i:t fur 
the hading wheels. The position of the leading axle being 
fixed M above specified, Ui« best pMiUon of th* driving axle 
it in frsnt of Um firaUc, «• tbm tiw gnatart wnoont of 
Mriag had b RTCihUa, out of • glm tMd wti^i of 
ngiiM. If btiiindi tli« finbozt tk Mnwl UNriTe above 
oM-half of th* whole weight, W it tavolvM tn equal and 
unnefenary outlay of k'^iiui^ «riL;1it, uppu tin- "hole 
a weightier engine for the aame driviuj; load. Comparing 
Kos. 7 and S4, Diagram-pbto 9, w* li*** tbo IbUowi^g (oUl 
tod dfivii^ migfats: — 

rMi'bvi of 

K., Tfl'iirO. ["Frnot 20itoM It tanei 

Mo. M CCrau)i>*0D], Uefaiiul 27 » I>1 .• 

From this it is apparent that a 20-ton ordinary engine 
eommand^ oi great » drinng lood aa o 27*t«a MtgiBO wiih 
hmd driven ; wbils^ if Uliiiiiidl» it nui eqv^Iy liMdy. 

It bUmn tbat if tha diiviif alioald lie In fiontof 
tbo flrtlMS, M fitra patr of wBMla are required htMni ; 

and a 6ix--ft!icel(',l enijir.ti i.^ tlii^ rvMilt. 'I'li<> Iniilin;; axle 
does ml require aiAiTe 1 hi 2 (bus oi WJ, at its luucti!.)]! ii 
•imply to receive and absorb the pitching of the engine. 
XliMi ttia advaiit^ of ordinarj foar-whatkd engine* in 
•aaaring a iMfa pmpeitiaa «f drivtaig Umt, may be subaUn- 
tfiqj. eanUnad wilk fbo tmtj al an asto asla behind. 
In afac-wlMel aogiMa wHh aantiil <tHv*i«, tbo Tsils, it i» 
truiv. are liable, as observed by Mr. Tl. Ailaiiif, to di ll.'.-l j 
uii'itr the driving load, if px^-csiivo. and ta tl.riw it partly 
on tlie tnJ whfijla, c.iu-in^- lli^' i n^irii- in ; .iml this is a 
eircninstancv tvliich with oxtretne driven cannot take place. 
Tlio 11 lie r, iiiedy U not, aa haa htm aignad by the advocates 
•f fiMiwufamt vi^giiiM^ to renov* tho tiailiag wheeU, but to 
itiflhn tha rail* ; and, Imidea, llie eentnl eprings may be 
made of great fifxi'iili'v, In rjnu.v tli" .Irfli'riiDns of tlie 
rails without luaUiiall^' tciiuiiiig tli« .lri\i;iL,' I iri:l. 

Consistently with stability, then, one-1' lu tli at li .-i-t of Ui-' 
(otiti weight should bo placvd on the leading axie, and one- 
twelfth on the trailing axle; and tlie remainder, or two-thirds, 
OB tha dtiTi^g a«ia. But 1 2 tons is tha greatwt load, with 
TOgaH to tba rails, tbat ought to be placed on on* pair of 
whotls. Now, 13 tons are two-tliirJs of 18 tons, tbor«fura 
1-S tijin is tlio greatest useful weight of single-wheel en«ri»i,js, . 
With M-.i|>roi ii.> tlu.'ir ,Ts it.l.tMc (nir'ioii-lfia.iE, ag thf> <>xtra | 
weight of heavier engines mmt be boruo eiitirciy on tho '■ 
leading and trailing axles. Accordingly, Sharp's engine. 
Mo. ii.of 18 toiMk woidd, vara tho driving axle nearer lite 
ihvboK, mnmand as great a traetion-lood as Bury'a, No. 7, 

nfCOj it„i3, and WIls^ji.'o and ILvAilmniV, Xi.s. *; and 8. of 
27 tuns; aud tl.o i xtni v.i'ii^'lil vt tlic5o cii:;ii>:'9 is usofal only 
as it represent* ^re.nt-'r 8lLani-|in: incinii; power. As a 
bigh-apecd, steam-producing engine, Cmiitpton's, No. 34, of 
t7tOO*, is on a par with the others, as it is heavy enongh to 
ooaiuaiid tin pnoUcal maxioTiin of driTiqg load; birt. Ibr 
total ws^ta of koi tliaa H ar tojoa M ton, Onmitin^ 
asiaagoment is infiwiar ta tlia athaiai aa Wfoatotha availaUa 
tnetiaa-load. 



It foTlowa that fwssna»r-«gii>ss above 18 or M taw 
weight shoald 1ia«o OBS of tko ailia coupled, to aAnit of tho 

clisiril<utii>n nil 1 tisi^rul employment of tlu^ extra wciglit ; 
except such aa are cUietly employed to rnn at express speoda, 
in which the desiderata are great evaporalidg powaranl fiw 
running, with m modsrato driving load. 

In ooafilad aaginaa, tlio main point in tlie distribution of 
the weight is to equalise tlta laad an tIlOOOU|>led axle*, iritli* 
out throwing any superflaoaa bod on tha disengaged wheel*, 
if tliere b« any. With the hind wlitota i.-niidi- l, u total of 
32 tons ia required, to yield '2i Un:s-, ihn m.-txiumui of 
driving weight on (»i> cri'ifil^'d axli'?, nnir.' Iv, oin' -faurth or 
8 ton* leading, 12 tons driving, and 12 tons tmiiing; with 
the forswhsolaooapled, tba total is i6i ton*, namely, 12 toaa 
Isadiag, U toaa driting, and 0Ba4mlfth or H tons tiailiaf ; 
wtlh all ttwuhaals oea{Jed, M (ooatrndd yisid ttMsanio 
liti-ti.iLi-load. Thus, to yield the lame tiarli in-h ad, the 
tot*] neights of tho three classes of wpli d i iics, wlien 
their leading and trailing load* are duly atlvtidcd ti, ar« aa 
32, 26l, 2*. or as 1'33, 11, 1, napoctirely, lor coapiod hind 
wheels, eonpled fors wiiasK and rix whsel* coupled. 

Upon the wfaalab alx^vittiM aogtitaa with tha hind ishasls 
coupled, appear to lio tho lisat arrwigsmsnt ftr tmr oinpiad- 

«li"il lii-h-'jirod .•■.i^Iii"?, as tlie leading wheels, cliarjcil 
Willi a suitable hiul, a.-« free fur their proper functicti, .in i 
are anburdened with driving weight; with outside oyliii lrrs. 
no other arraogSDSBt kt properly avsilabla, aa the loading 
wheola abonid bo fifo* md o( anallsr dlamslar to potmltef 

II snitaiife a^i"'*''''*''* *^ ^ V^"*^ ■ ■i"'*"^ 

tion. Wksn tha had drivhig load w malanalfy inlorior to 

t!;r- iii-.lilln load, it may be increased hy tin- n]>jdli:ati ui nf 

extra dtuad weight over tho axle, in I'm- f iiin u{ a Luaty 

foot-plate of east iron, or otherwiM. 

Tho loada on tha ailos are rp^nlatc^ by their relativo 
distanoM torn tbaasotnof grav ity of the whole maeUnsb 
There la g^aul vaUbsmHy in the locality of tho ooataa af 
gravity, In dnRarljr arranged engines. In engines Bko 
Nos. 6, 18, 19, 20, with lol tn 1 1 feet barrels, and large 
fireboxes, the centre lies about. 71 feet from the fore end of 
the barrel, or 3 feet in front of lb« firebox-shell. In these 
caaes, the firebax and the tntilii^ wheels ap|wai- to balance 
the grater part of barrel, tho^lindsn and gaaring, and the 
liadkigadiaila. lBathateiiiit,iBllthl4.l7,aBd«l,tha 
e«tra IsBgth of haml is nsvln^asd hj the odniioa of tho 
liitid wheels, aided in the fir-t and third eases b_v tiin i;r.?ater 
urerhang of the cylinders, and the centre is, as iu tltc uiliiirs, 
about 7) furt from the front of the barrel. In Nns. 5, SO, 
and 42, with shorter barrels and shorter fireboxes, and very 
advaneed driving axles, the centre is 12 to 15 inches ne«ror 
the front, and ia atill S to Att bafen tho trebox-shelL 

Now, a lOf feet lavrsl givaa an 11 fcat tabs nearly, whieh 
is a li-ni'ta su''.a'il<? for every eiifl of i Miler; length of boiler, 
also, in *io iV as it involves length ol cafri»£r«, is eondncive 
to stability ; bc«ide* that, independently of the n^.ignitnde 
of the machine, the length must bear a sufiiciont ratio to tlia 
gaugo of Ibe raila ; moreover, the driving axle muH clear 
tha back of llio cylinder anfflcientl/ to naks room tat ooit- 
ttMtioRS. The length of faaird, thaiefer*. abontd not bs Issa 
ll;:ii. Hi or liil I'cat, and we have tho certiiin'y cf find!ii:T 
the centre of gravity con»ideraUy iu advance ot liie tiretiox. 
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The nomial ajranjsnn'nt (No. 4) of the focomotlTO m a l| 
farrj.'VL.'f, c-laborated bv St«pb«iiaoiu appi rn-i iipwii thf ^slurlf 

to be (he iiioxt r^frrrnlly vxcpll^Dt, and will be uihcred to as li 
•Mh in Uie Li>MHi.M wliicb fullow. Ttio ^irral features 

MVSx-Ojrlindan >■> (tooi, boriaoDtal; «x wiweb. of wbicb | 

ikoMvtn aw <■ tiM atMIt, in fknot tt Hit CmImk, ani D 

ttetoiinisfvlicdt MM Ut boilir«f11w«ial im, with I 

Itorbantal tn\m, I 

I'.ir I'.vs-^ini; I'n-.-ly .-ilotii; rnrvi-<, tlic Ic:ii1ili^ and driving I 

wlw«)-liiui;>e« al.uuU bu kcjtt uji to vlie futl tectlOD, 1 4 inch I 

thick, with i inch clearance on each aide, or a total of inch; ; 

■b4 Um tniti^g wbMb •lto«l4 ht fenmd aiilMC pkin, «r \ 

with thinnr 'JtansMt ww i d t ag to ^iramiUDHt. If tbe { 
4tMl% wd* It wU mfUtHm tmhtf, Md the hind load 
vaitt 9 torn, t!» li&id wliwli iboiM net bo flwiged, a«, iu 

backiii;; into tiiiln:;'!, S.--.'., l!ii-v i.ikn llit) sr.il mav b-i f| 

insutEcKiiil to control the whole mas*; and couaequoutly, | 
with flange*, they may over-ride tJie rail*, and k-ait tho 
«iigiiw off tlw Una. If tiw Itiod load b« materiaii/ abora 

5 tana, dia whaab ahanU hava this flaqgaa, # or { iaah 
tlitck, with at leart j iuA. aUiiMMa aa anh aida; taaUiMr 
fiwninning ahead, ud to lead tha angfaw in laidiiBf. Tlia 
hind flanges might indeed be reniored, even when loaded 
auAicientl/ for leading, where the driring wheels are placed 
well back, as tlio ui Uing flan^ might le«d the engine in 
backing, juet iw iti 3 f ur-whaat aagine; this ia not done, 
however, with ih^ f!\nir fiteiiHj, hiea u se the hind whecU 
with tlwiT loada » lancma iqm tlw drivers, and olTcr 
a mMtum l» dia ktatal ttamlatleii to wldcb ther are aul»- 
jfoti,'.! uri fiirvi'*; tills incfea-f3 t!io duly nf the li river*, Mnl 
IS extra duty to which tin y ar<- not aulij-ict ill foar-whc*l 
engine*. Heneo the propriety of romvU ing the hind flanges 
wbea lii;hlly loaded, for Kiifvi^f in li.vikini;; and «f rrtainifi;,' 
tluBI when sufficiently loaded, for lai iliiv iu backing. l'lii'< 

ia a aafe gaaaial nl% for wliait tha baek loada aia light, iho 1 
driving wliscif «fp noeaaorilj wdl baalt and wall jdaead tat | 

leading backflanls; aii'! wlivii the Jrlvors are too far f irivai ! 
to Irad we!! in backiiij;. tlic liiiid wliotli iire utxvjj.iriiy «i.U , 
loaatil, aiii.l sui^aiilv ij'ial;!:.'!! to Itail. 'I'.'iuh, tlu.i jili'^viying 
or wheel i>itm reuiain" iiiii t^tricted, while tha acling flange- | 
base is suitably limiitsi. On (his system, the driving whecl- 
flaogea an dasagnsd to taka tba aluaf ceBtrifaigal strain of 
thaangtiMbthnnrii^thaftaatirhaalaftaalbrlsadiag. Upon 
iaaide eranks having inside bearings alone, as (hey ought to \ 
have, this strain doe* not operate injurioosly ; ibr concussion, ^ 
not irirn' jirt'-^surc, is wliat ruins an axlo. ^ 
VVhun Uiit c^liinlvsa uul»ide and overhung iu front, | 
the leading wheels, when free, may be Si feet diameter with 

6 hfi driving whaaia, 9 bat 9 iiMha with 6^ iaat whmils, 
aid 4 ftat with Tibet wbaafa. IW iaaida ajlindan, tb«y 
maj he si feet with 6 feet dnriitg wbosla, 4i feet for C (eH 
wlioals, anij r l feet for 7 feet wheels. In all cases they 
should lio as laivr! as possible, coi.>>i.iti-ijt willi Uio <l;ii> ; 
arrangement of tbe engine. The hind wh««ls, when tWe, | 
may b« of the same diameters as Aaaa jvak ^*all lut the ' 
ieadats. It ia bad jwaatiea ta amoM^ aa la aoooMMi^ 
daMk dnt, an aeon «r aaiatr, aiiq^ laadiag whaeia 
sliould Wt anaad 4 (eat. In all cssoe, the leading axle- 
guarila aunt bo well bound and jtractically in/UjriU*, to dia- 



rails. In conpTod «Dgine«, the leading axle liioold, when 
|irni:tiMblc. In Ul'i tVi'c-. W litii frw, it should not be bsavily 
loaded t it should havs outoide bearings and springs, U> 
increase the stability, and the accommodation for springs, 
dw. The niddta aida-goardi^ on Uia ayatam eC tha ndnead 
Aanga'liaaab atnatdw Iba inlaxilda. ftrnUoh thairaluidMai 
and ainngth aia fitToorahle. The hind tale gaaiJa lajaad 
ahoold possess eome flexibility, to aaaa tha aagiitt over aa 

OC''.i''io!;;'.l liitch. 

T ho liuiliiig «|iritigs between engine and tender shonld bo 
of very moderate strength, aq^ninliat Ib ftat la aadl a>W 
applied between carriagia. 

Swivelling bogiea at tba finnt af tbe engine, anyinf twa 
pairs of leading wiieil»i ata WMMBWidad bt tkm an niUA 
the ruling eurras are of a ')' mile ndhw or Ini. 

I.<ioM> wliei'ls fin tlio axli s, n ll'n^ independently of each 
other, though auduubtediy ol some advantage on corves, 
have not as yet been made to work well in practice. From 
what is known of ordinary curiage-wheola, titere aeee il BO 
doubt of the feasibility of loose wheels on ntfangra 

JPrmtieat Mulmfir litlHtpttlHem^iUAilm, ami Oa 
lN*»(M«i«t ^ a# iMt^TlH adjnatiheat of tlia wbael- 
loods has been found to depeivt in itvri^illy mi tlic p^sitioh-i 
of the axles, and indirectly on tin; liu^^Lli yf ilw bairti. Tha 
positions of the front and hind axles arc, in the four princi- 
pal classes of higlk-specd engine*, single and coupled, — aattiog 
aside Lank-engines, — analicrabiy related to the smeltabait 
and firebox; aa the centre of tbe laadinf axia e^^ to ba aa 
much as possible within, and at laaat not ttMre Uim It or 

15 ii.i Ih-.i iilf the back <°r tin- ryiiioli r^ •,>iii:Ii arc assunieJ 
to be duidi with the smokt;b\jx lul'L-jilato ; ani tliat ul tha 
hind axle within 6 inches from tiir iircbox. Aiijustmenl 
most therefore be eflWted by operating only upon the 
position of tbe middle axle, and on tbe length of barrel, 
wbiab takaa (ha leadfaig axle with it, baaring ia mind that 
thodrirhi^aslaiBiiatbe at ieait7tt«8 fart dear of tha 

lack or tl.f cyi;n..l,TS. 

IlULia i'w «/mj I'fv^'jrli^ ti.il Z(..:;i.'V 0/1 the Ariel of iiijt- 

I. /)• tinpU-triteUd engintt under 18 tont total vtipht, 
— Divide the total weight into 12 parts; and phice 3 parts 
on the leading anb^ 8 parte on tba driving aila, and 
1 part OB tba traiUng atla. In otbar wardi, ama-feoith, 

two-thirds, and one-lwelfib, respectively. 

II. In tinale-ahed fnpiHet abate 18 Ions total wlpU. 
— I'lm.-c \'l tons on tim ilrivin',' ;ixlc ; ami 'Ji.-ti llni'.i.- lb " 
balaucu bblwoeu IIki b.-a4)Jlg and trailing axles, rusei vijjg at 
least one-fourth of the total weight for the lea<ler. 

III. In cmtpkd-Kkeel enginei. — Load the free aila^ if aiy, 
widi the wc^t asRgned t« it by tbe 8nt tala^ and dlWde 
the balance of the weight eqoally upon the coupled axles. If 
all the axles are conplcd, placo oue-third of tha weight 
upon c» Ii. 

Bi'LXS. — Fur tht OufM^Uiait of Ihre* Axlet. 

IV. Ordinary engirut telth $ingU nltetlt. — Darrel 11 feet 
loBgi <«Blra of driving aala betwaen I and S iwt tnm the 
finWabeU. 

V. WMmfirmwM$mi}>M.—\^nA lOfcet, a*B(N 
of driviog aila aa daaa aa piaeticablo to fir«box. 

VI. IFM llf AM ttlMlraivM:/—]lunl Ut» 19 Ciat, 
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T»rjriug wild ll>f wiylil, ati<5 •'■ ii'i ■ 1' n^'.l; "l" Ii.dc sliell | 
between Si and 5 feet; driving " '-o + iVtit m ivoDl of 
firebox-slirll. IciM as (lie shell is t. 

VII. WM4a»i»iehtiU«imiil0d^iktt^lihtt,4tinBe 
uk 4lo 9^ fMt hi front «f ixtbtts^AOH, Iwi w IIm dwll 

Fur Uttik-fu^iiiet. (1.) Sinote vheth. BamI 
12 IV.-;. Jilvni.' in t'lMiil of iir-'li'.x. w.itiT tniiLs :iI^m -.i: 
frunt, ovur yr uuiIlt llm barftl ; n^liinlers at ikt auit/kniiKii, 
or bf^liioJ llie I«adinj; wheels. 

(a.) MM *Ma •MyW. BmmI 10 fott, driring ul« 
1 to 9 CMt in liwdt«rtb« inbos-slMttt watar-taoilBi «U«lljr 
behind the builcr; eylinden at tha stnokvhvx. 

IX. TaNl-e$u>i>iet to run either md furemoa. — (1.) SinqU 
!,-,'(tv/.< IMIi r. ! r rirfl"'\--h. II ;in i v.irnl. 1 3 foci oTor all ; 
whc«l-liika« 1 'i l«ei, driring axle mid-wa;r betWMO «ud MJi«*i 
wster-tanlu in friMil «t. finbox; dfiTlif l«Ht ooe-lnlf A* 
whol* mligbt. 

Or, aMomUy: boRgr M bol dtw til, wImiUim IS litt, 

drWittg axla mid-way; inMMttki dik^ Miiud 6nlNiKt 

driving luad on«-liaIf. 

Or, thirdly: btil. '-'i f.-n, wlir-l-b;v-- V:\ lV<.t, driving 
axk behind firvbox (Cniin|iton's «^.iteni), within G indiM 
vImo (he tanks an btfcra lh« inlKn, and 16 iMta dur 
idmi btbind. 

fiMt, dvMag ailo S fcM btUad ImHiig ulot «»t»tanlt> 
ehiefly behind fireBmc ; front load ona-feurtTi. 

Note 1. These nib-H no nx|„ rt(.il t i viiM substantial l,r 
correct results, fit fur ortimar^ guod imciicA, assuming the 
mechanisin to be daly balanced ; whore perfect adjustinmt 
i* eontaiBplatad in an original daa^, Ilia indi* idoAk waighi 
and aaiitnor giwitjof «fiA ■hmai iWHt be atlnihlcd, 
iu order to deduce the totel wa^giit and aamsMMi MUtra af 
gravity of the whole, and thanoa tha axla-bwda by tha ralei 
in the preceding chajiter. 

2. I'our-whcel engines should never exceed IS tons 
weight, and should bo cniployeJ only for spc«<l» undrr 
SO miles, with the probable exception referred to in next 
nota. If Mngie-wheeied, the firebox siiouid be OTeriinng. 
If aoo|iM, tba hind axla maj ba bahind tha Siabas, wb« 
tha barral sbonid b« under 9 or 10 faat long; or, if tba hind 
axle be in frunt. [In firelwx should be short, the barrel longer. ; 

3. Fi<ur. i*laH'l siti^^le engines not exceedinp; 12 tons, may 
b« employed for high speeds, arranged on Adams' pattern, 
with an ovcriiun^ firebox, to secure » lufGciency of driving , 
Weight. For such light engines, four wheels are perhaps 
prtCKBblo wImn n laailitjr of running aithar end foremost is i 
dadnblok aa an ahoft linat and brMMbao. They are prefer- 
able also for quick-enrve lines, where a short wheel-base is 
conducive to safvtf. la Adams* deaigu, two-lhiidt of the 
whole Inad an ftTiiMla for driring mfghl, tmd' «aa-tluid j 

for leading. 

4. Six-wheel taj)k-«Dgin(a with single wheels, designed 
to nm aitiiar and foraoiott, ahould wa^ at liaat 18 torn, to 
give a avSelmej of driving waight. 

5. Where tl» weiglit is deficient iu the lighter kinds of 
engines, for driving or leiidin;?, the deficiency may properly ; 
be made up by the a<ldition i t' iI^ ikI \vi}ight. 

6. Il ia Buuined (bat far engiues ruiuiing aitber and fora- ii 



most, all the whe«d-flunge« arcfinislied to the full thicknc«^ 
inch I and that for those which are not w> designed, the 
hind flanges are \ or f inch thinner than the others. 

7. Whan altantiona aia oontampiatad in angines already 
nada, with % irfaw to faprovhig tha dialribottoD of the load, 
the fidlowing priuei|iIaBihauM ba kept is via*: — (ha longer 
the barrel, the greater tl the fiwilfty fer tlie adjtialmaBt <A 

thelolids, iln- rrijii.val f,,r.v.-ir-? mI'iIii; rroiil. iiiiii H ■, liind 
axles, all HI- aiiv uf ehem, reducw llio tiiiiiuja aiiJ UKJuases 
the hind load, when the front load romnius conitaot ; atid 
it rcducaa the front, and inereasos the hind loa<l, when the 
middle kwl ia aonalMlt ; Hm reverse takes place when any 
or an af tha ailai nia xamavwl tMokwaidai tha ahifking of 
the middle axle affeda the diatribntloo of tha waight raudi 
more than that of tliL oth. r> ; fli a!lv, th.- i iTset of shifting 
one axlo may bo noutr<d>4i<.4 Ijv aluliai^ wuther the opposite 
way, so as to leave the separate axic-loads uucluknged. 

The CoUowing Table ahowa the r«aji«oU*e ioada on tba 
axlaa, hjr Bnio I. for aaaonpM ai»'iriiaal an^aaa, fiuat 9 
to 18 tons total weight. 

TAIIIX, S* XCl-OK TUB ULtT.VDLE DI!rrBtBl"nOS OF THB TOtat 
WMamrOH TUB axles of UNCOUrLKD KIX-WIOCIL nowiBi 
rnoM 3 Til la 7«!<» nrrfcL wciuttt. 

IS^Itil.Titiim If (Itf Wti^^t. 
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JFUr. For single enginca abofa 18 tnn*, as already noted, 
the distriliu; •:! i f the weight is a n-. itti i- - f indifference, 
beyond tl.u piiictng of 12 tons on tliu liiiviug wheels, and 
one-fourlh of the whole weight upon the leaders. 

At lUia stage of our pnigreaa it may be proper to inter- 
polate * few WMdiafH^laDatioB. WabaTe [ia.ifod in reriew 
and aoaljiad, w« troit to eome purpoee, ttte three plenieiit<< 
«f the fawomotiTa, — tha engine, (be boiler, and the carriage; 
and we have, in nil important coses, plnce'l I . •' rr .'ir renders 
the principles, the facts, and the observai hum which 
our conclusions have been drawn. I).?fore we can be said, 
, however, to have completed thin, the physiological dieeM- 
sian of the locomotive, it u iucamhent on us to oompare 
and harmonize the three bianehea of the diBeaanoa, hf COB- 
ildering the resp>«etivo aUlffia aod neeetdtua of things ao 
very diverse as engines, boi). ;u..| wheeled carriage", 
and working out for praetic:^! us-j u eoDsintvnt systcBJ of 
principles approved by tli ■ ni n;' general l.^wa of matter, 
and sanctiouetl by direct experience. Dot though we have 
readied a point from which an extensive rctnispeci may lia 
obtninad, it ia tbovght bettor to defer tba aonaideration o( 
the more genaml qneatian, nntll the loeanutiTo afantl Ihit* 
been Miatomicslly reviewed ; when, at the same time, we 
shall be iu a position to lay before our readers, one compact 
ma'H !>:' i n.-i^u lit i i^'ilt". iMrefuUy worked out, and Mductd 
1 into iiumerotts fgnnulae anil rule* for praeltce. 
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SECTION Ul-ANATOMY OF LOCOMOTIVES. 



Our buaiuusj U uo'x v,idi tUs uiAclianical ei>ni>truction o( 
locotnotivM, luid with tli« principles which affect their con- 
■tmotif* dMign and MiugciBunt. W« ilutl but, in tbo 
flntjilMa, lo bring Ibrawd the pnoUwaf nwA^ 
al tagiDMH, SliMlntillf it with th* aMmpiea contained in 
eurPlktM; M«MidlT, t« work out mtd cttablish by practical 
evidence the cui.-u-uclive prliioijilr^ i-lvli- "f 'li tail which 
ought to rcgulato lite eutupusiliuu of tiic loKMiuutire, and the 
modificatioDs tuitabU for (ho different service of railways. 

1\u» (M»mag Uual nftnneM to FaiMun't jnwngcr- 
MgiiMfimtlM aamaa Mid dai^ttitn «f A* tlMMteof 
tlM keomotiw ; aad tliqr tta iaptHMaj initiated 

18 fidlowing rat tlw cnniDgdiMfiptioiu both «f tint and of 
ti» other onginea which fidl OodWMiliM. 

r < f wf iii0w i w w t» 

I i, btml ar MGwirioal 

putt of Culler, 
n, fin-lnrs, or grate- 
bun. 

t, roo^riba, or roof- 
«. fcedow . 

<, fclenm.«}<wo*, or rtv 

„'u'.itn.--i-l.iaiiibor. 
/, ««JrtT-Talr«. 

A, li^iaK cock. 

jl, nil i-ii l.i or 
C, Un box. 

K, briKlllelKlX, 

T, cbimnry, • 

0, Mh pniu 

.. i>',L-iiliili'r. 
i, Tolre of rcgnhtor. 

1, crliliderai 
u, ciliautt or biMlpipc 
K, pinion. 

^ CrbAsbead no itiftton. 
rt)d. slitUui, and 
isnidelxr*. 
li^ iransTerte ttay- 
fialt, or raotitw- 



— PuxbL,II.. III. 
Mkr, aad guUlo- 

0, ir-.Tiiiijrr I L' r- - i. 

nxic. 
<}, driving wheeL 
It, Tiih« gcar, eoDi|>ru- 
inf _ ecMQlriei on 
dnviRj; ailp, eccco- 
tric-riKU, ke. 
9, f*lvf. slide, ur t]i<(e- 
tnJvB. 
«■ nnk. 

«. NTer«faic shaft. 
niTcrviu^ luuujtc, 

FiuMx T, frwDe. 

f. iaaide rrume-pUtL-a 
r, Itajrii ill fmmt, bind. 
IDE to{;c(hcT in- 
•ide aiid ouliido 
frsmea. 
f, »tAT», liindinz fire- 
ti'j sliellloffame 
t, Uan^biiidiiif iosiJv 

mm-jpltfi* to 
flnAn-diel. 

t;, foT« wbeola, fn>iit 
irlic<'Is, or lcadinj{ 
wheel*. 
V, hind wlieclii, hnrk 
irliecl>, or tia' Uuj; 
irbit-la. 
u. ailO'ljoxni. 
V, nJo-tprin^ or 

liftij-gMnb. 

T. i -i nii.livi - ail- . l;i^»ifiod according to the nature of the 
service and the paaition of the cylinderi). According to the 
MrriM, they are of three claa£«s. 1st. Possengvr-en^incs, 
to ittB witb pMMDgua, and to do otbar work n^airisg 
tin iw rtwt tptod: with dri*iag irhH)^ to madmto 
tlM mto of nolpiwallon of the mechanism, and having all the 
vhMbtndtpMdeOt. Sd. GoodB-engines, to draw he.ivy t«ads 
at inodcrat« ; lln v liavr small wheels all ei. i[il< .l, 

aud generally li iii; Htnlvi il liiniers. 3d. Mixed engines, 
an intermediate ch^s, hmh- lately introduc«d, to work heavy 
jMM«Dgt>r-(i»i&o ott steep liius, and aiodonto gooda-tnOie. 
Thiy haio aix whaali^ ud only Ibw whatl* onnphd. 

Of late, motlwr ahia, loiotrn as tank-eiigiuc?, has been 
•mployvd, of all alaia wd veigbta, but geuerally lighter 
thaa airdiuiy p tia mg i r »ii | |li >a, Thaj aany • wpflj of 



water and eoka, and thoj dispense with the separate teudei; 
and arc doatgnadgananUx 6r«i|ii«aBtnia^andteinriiiiif 
ahofilinaa. 

Acmrdiiig t* tlw poiitigB af th* 4;yIiod«ri, tbera ant«o 
kinds iniid^ttjIiHdar «t^m, «Bd oataido^lindar a»- 
giuM, ifliidliaMafl^jrxi indlauliMnatalj foraU klwlaal 
serriaib 



SUB-SEOnOR I. 



Bxnsim pJucncB or cmstaxfanov, with 

BTiHIIPt.1W, DBBOJUI^OH or PiaiBS. 

A series of locomotives has l>i'< ti si-lrjied for illuitration 
by engravings to a scale generally uf uue-sixteenth full »iz«, 
iu Plates l. to xxx. These may be arranged in tliu r illo.ving 
order: — 1st. Inside and outsidc-cylindcrpaaasiiger-enginM; 
2d. laiida and ovttido-cy Under goods-engimo ; Sd. Oiltlide- 
cylindtr laiik-a^g^BaB Cur tha lightar tntlo. 



CHAPTEB I. 



Oesix^bi PAaaBHon-LoaoiionTBK wiin Ixswb 
CtuiiDna. 

I. Passbxckii-I/mtoijotivb wim Ini iirnvurNT Wiirn^. 
BY VVouoM FatMAdiK Am Son, UAScasstKB. Putnw 
I.. 1I„ IIL 

Arcsgfftait^ ... ,. IM Mania ftA 

Diametar of ^figdwr, 1* mm. 

SirciLdorpiitMi, n „ 

Dianictrr of dririnj; wheel 6 isst C ladM 

licnelh of wbcel-liiin 14 f«l. 

Total weijsbi in working fil l, r, , K ln:n. 

Ot'Htral Arraiifftment. Urdiitury boiltir, iviiii horizontal 
tubes, cylinders inside and horizontal; six wheels, of which 
tlie driraia ara in front of tlia fimbos, tha Itading «b««i* 
behtad tha ^^iGnAam, uA tha tiding whaala btUad tha 
Grehoi, 

Bonn. In thraa f arta lal. Iho lialMiiHliali aod in- 
box. B. c ; 24. The bwrdaiid lah«a,A,»i M. XhaanahAax 

and chimney, K, P. 
I Firebox-lhdi. Of i iu. plates, 4 ft. C iu. by 4rt. Sin. broa>l, 
ofllaada; with an 8 iMfa noeking to otnj ntMjr-nlvat. End 
phMa hfjoiatad t» ridaa airil t«p« top Mid aidaa jobiad with 
( In. waUa. 

FMbcm. Of^ln. copp«rplate*,{in.»ttahM,lap'jotRt*d: 

3 ft. lOi iti. liv ;i ri . 7i in. broad, au.i .'> ft. 2 in. liL-li uIT grate, 
inside. Joitied to sliuU with 3 in. wal«ii£|iact! auyle-iron, and 
stayed to it with in. copper stay-bolls, about 4} iu. pitch. 
StiSanad bj aavnt roolHbi and 1 in. rivett«d bolts. Door- 
way nadatrith «mq|1rt{miring and | in. rivets. Door of 
I in. pluie, with i in. ahiaM. Grate-bars of wmoght inm, 
\ \ in. thick, with lin. aiiapaaaa; pfaMid in wroagfat Inn 
I liMiaoaniBdbgrl 



I 

I 



Digitized by Google 



IM 



Atk pan. Of ^ia. plato^ mkdo with If !n. angle-iron, 
■ad liaad on nppw tdgt; jtiiMd to firtboK with four walta. 
Dow if t jjirt^ IiiivM ^ «IK^ tgr • 

Imr and lod MnM to fbotpUts. 

JIamIL Of f h. hon plikUs Up-jointcd ; S ft. 11 in. 
diAin«l«r intide, 10 feet long, with 3 in. angle-iron joint* at 
•oda. Dome of f in. pljtte workod in one piece, 23 in. dik> 
meter. End pUte* of boiler ttayed with lis H in., and taw 
1 in. nit, aattond into bkxka rivattod to pUtoa. 

IWm MIlMMBtabt^iBUiaawi IManllB^aad 



6 are If in. diaaMtor ontaide, } in. clear, 10 ft. $| in.loi|f 
balwatn platia. Find with ftrala^at both anda. 

Bmthkm. Sll.4i{n.loiq[;«ft.lin.taiid,oitoid%l«li 
with framoif latea. Tuba-plate f in., af im, a(har plataa 

ilo.S joined with 2f in. angle-iron, and to taride fianeplataa 
with Welt*, eomplrting the endiuuiti of the eylindtnb 
Chimn^. 15 in. diameter, of iV in. plat«. 
RittU. In firebox, shell, and barrel, \ in. diameter, l^in. 
piteh. In anekabas, i in. diameter, at 2 in. pitch. 

MmmUaf if M b ^. —St ^ aaiwi . Bm tm 




9^ in. aoniaal aplndla-nlvaa. Valfa-awt in ow aaating^ 
boltad to Mokfaig on iraboMhalL I«tM ST in. lei^, 
Min.piTC* tonlta: lOTmga8-|tol« with taiwSaltora 
balaneea. 

W<atr-GcMgt$. Ona glaaa-gaoga, and Ana gaage-cock*. 
BaitiH^ Mt, with | is. aofpar tuba to andi foad-pipe. 
Jliwatyaa^iHidMdhywdandlMadlantfeatplatoii Berm 
fk^, U in. diamator, one to Mali aomar tt luAtoMML 
WM*, Si in. diameter. See fig. S80. 

Cleading, on barrel and fir>:box-3lic1I, of pine batten* 2 
by { in., grooTod and tougucd, covered with i in. aheet 
iron •trapped with haap-iroo. Oomera of boiler, and dome 
and Mtiety.valTaa, aorand with kuniahed and ahaat bnua 
Ain.aidL 

Fum. Ooa p aaai af tm a HM a mH two in«id* lopgi- 
tndlaal lieaaaa, with tranamaa halMMam, draw-plataa, 

and 8UV.1. 

OuUidt Fraaubeamt. Of pitclipine 3 by lOi in., with 
■ft in. iron plate on each side, bound with two rows of \ in. 
belta and note. Platw auda with axlegnaida, ittving aiat 



iron guldea rlTettad hatween them, and bound at lower enda. 

Figa. S31, 832. 

Iimde Friir.:.!.,:i!ni. Eaah af plale-imn, extpndinj 
between buffer- It, im and firebox-aiialli ^ bjr fin. in body, 
and 2Si in. deep at cyliiiden) ; with gnifda Iw driving ida 
bound at lower enda. Fig. 231. 

i9ii^iv^««Nn, af pitohpina, 17 bgr It im MM with 
hnana to fiaaaapfariaa. 

Dr^iif-plitUt. — End plat«, footplate, and lower draw-plate, 
} in. tbioli, rivetted togcllu r an.l to franiP-Bidcs with 3 in. 
au^le-iron. Footplate and draw-plate rivettod together 
with distiviico pieee* At eentre, and bare extra lhickiic«se4 
to receive 2 in. dtmr-bolt, and two li in. lafety-bolta. End 
plato fMad vifb two { is. baSag plalaa. 

^Vwawrtqw.— lat. The i^lfaidaiai «hkk aia haitod 
together and to the inrida finamaplataa. In Hie aane locality, 
the in and ont.»ii!fl lna!ii3 cii <a;li f.tJi\ aro bound with a 
piece of i in. plate, rivetted with angle-iron. Sd. The 
molion-sla_v|ilatc. I in. thick, in four piece*, joined at middle 
bjr a bar liaider valre-gaar, welttd over in^ fnunepbtaa, 
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•ad rircttrd vrith Anglo-iron to barrel and framti. 3d. Brass 
brackeU tiraUui to flrebox-*h«tl, with wrouglit-iron plates 
bolud to Hum, to earry aodt •! iniidt framepUtM, ginng 



Iib«rty for unequal expansion of boiler and frame. 4tli. 
Qoiier-Btaja, consisting, fint, of th« tob* ud front platM 
«f •aomkfbos, wUdi an taImM bi/talij tmi joioad with 




ugle-irona to outside frameb«ams; second, Gr«boz-atajrplatr«, 
OB adga, rinttad with flaqgaa to ahall, and witli aoi^min 
tofiana. 

Wttib mi At rim. -Of wnnglit^roD, with cast navn ; 
hMag whaila 5ft. Sin. diamitor, with IS fpokes; Mnaikr 
iatlai«kiM»apaim Tjm 6 ljHia.ikUk, 



fixed to rim with taper bolU and natat Drivi^f aili^ 6 io. 
diamator ttf bodjr, with fi»ar baaringi. 

AMmm. OraaBliioB,«idilangM toanlmMagaidaa, 
braaa buahaa, and lowar bodna of eait iron pinned np. 
areaaa-ehanlNr abon, with aboat irao aoTara. Fig. 288. 

e^tv^ Of altalfltlMilbgrfiiiqaKaiptbMki 




pl8lia,|{D.:a|ianSlbit7lii.:13plataaia laadl^g aprtDgi^ 

1 2 plates in the others. Round ipring-roda l«t into thacUsa 

and top nf axleboxes. SpriD:;-enJs linked to frame. Links 

of fimit anl driving «pr!iigi foriiuvl with riijl.t aii'l left. 

band screws to adjust the load* on tli* aslM, and the level 
af Aai 



af qrUB^m ■■A fdva^ahaii) piilain, 
rods, guide-bars, Tai**ifaarfag^ iwanim fair, i^galatar, 

steam-pipes, pumps. 

Cvliii'Jfri. Of i-x-t irai, cast with ralre-chest in two 
pieesa ; boiled together with i in. bolta and nuts at 4 in. 
pitdi, and to aaak iaaida frvneplato with tiNlTaliB.balla 
ai*MM. 




ajiJ nit.«. Diameter IC in., strvike 21 in., steamports II '! brass wat«r-eoeks to aadi Oj^Uldar, WOtkad iy Wti tuA 



by l|io., exhaust ports 3 in., lap of v.iKo } in. oulsidi', 
^tiu. iaaidci, lead i in. full gear, travel i] in. Thiokiie!>j 
of tjliodar, ehaat, and ataamvaya, i io. j flanges at Joiutj 
}liL,ilNntaBdl«dtftii.,«tftHMliB.t«M«nliB. T«» 



handle at fuutplate. 

I'iihnit nf ciist iron, 4i in. thick ; (wn pa';:'x:n- rings of 
caat iron, li in. thieki june-riog fixed with four i iu. bolts 
into M mto badj. BiBp cot aadi al 
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ono place, CtUJ with wpilen .nnl spriii::. Wniip;lit iron rttl 
pinned to bodjr, to aupport it on the riii;.^. Fig. 

PMoM-JSod of wrought iron, 2i in. diameter, tapwed aod 
•ottand into puton aad enMihead. Fig. 283. 

Gmami, of wrought iran, with j»wa to *dmtt tHUMtiiig 
r iJ. aud 2} in. pin. Aiiif of out iron, two to Mah 
cy linder. Fig. 233. 

Gui<U-Bart of Btoel, Si in. bnal; two fiSn to each 
eylinder, bolted to qrlindw-aofm and to iiBtiMi-platoL 



Cmmtcttnff Rod of wroaglit iron, with nin;:! <^l« 
and straps; e«ntrea 5 ft. in. Strap fur iirgt hbi 
bevelled at points to enter and fit reeeaMS formed ia 
and lixad with giba and oottaia. Braao boah fixed witk;, 
and aottmr baaring m boah dinetlj. Oit-cnp htpit 
strap; lid serewed in, with i in. hole. One ::ib aodrv 
to ainail end, operating on the strap, which lixas tkt ka. 
against tha bott. OJI-cop of hnuo Mmnd iali op. 
Fig. 234. 

Eeetntria, B$ii, mad S tpmuim -Zinle. Eoeeutia i 




p (IX » llr :lf ofCinncTl icr Hod; HI 



•MtinMii,14|in.dianntor,t|ni.radias,g{Tins?Hn. throw; || tnm, f in. tUek, ft. eentrea, aaali wHh pafai 

in two pieces grooTed and ton^^iied, joined wiili two 1 in. into ^Ir.ip, and rirottcd to it; forked to join link at If it 
bolts and cotters; fixed on axle with one key and {in. re iitre^ which ia 1} in. thiok,and ettrrod toaSf fiUnin 



»et-!crcw working in wrought iron nat let into casting. 
Strap of brasa, ia two pieoea, Joiaad with polaaa and 1 in. 
bolts, nots, and aottami wkh ail^p aad lid. Boda. of 



¥ig». 234, 235. 

Vaitt and Rods. Valre of brass \ in. thick in 
(See also Cylindm.) Volte-rod 1| in. diamster, ti:^ 





l^^ j^i*^)--- s'W' 'V — I, - > ..I I 





nmunii iMimiBn.— VuvMot. 
baaringa at both ends of cheei, and atnp embracing valve ; 
link pinned to valva-rod, and farkad at other end to em- 
brace the link-Uoak, and anapmdad bjr linka ftom boOar. 

Fig. S35. 

J h aara ii y Otat. Shaft Sf {n., In east inn bearinga 

bdltodtobiaidoframcplatn. Levers rnr>:nl !!o!id on .otiitft, 
to CMIJ Oi p aia io n-links and balance-weight, and to take 
and of nmring nd. Bovanhig bvar worka on ph iiad 




to firebos-shetl, with detent-tod and lerer acted on 
helical epring let into body of main lever. Sug'nsii'*' ?"* 
in two part«, curved to 12 in. outside radius, Mil i^"" 
togathsr at tho «nds ; fixed to firebox-ahall. Fig. ^ij- 
ValTO-gearand rovonifaif gear, of witwgbt-iiaBii*** 

in; Piirfii'fs raFP-tuirdrneil. . 

Jieyulalor and HUam-pipt*. Brass face sod*'** 
bilat porta, phMod in doma*. baltad to 5| in. < 
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pipe ataved lo lollpr, and joined to lion'iontal copper ]iipe lc>l 
to amokeboz ; eaat iron branch pipw in unokabox, UuMling 
to valfudlHt. Slid* of ng«latof linked to ud waA»i by 



a 2 in. lerer on spindle with Lraas bearing in firebox-shell, 
and 16 in. handle. J£xMaust pipg, of copper, 6i in. diametefi 
vilb«iifiMiwh«Mi bottom •feUmav. V^»td$. 



Ji 



— j—)^ 






Fttd-pumpt. Two, bod in of brasi, A in. thick ; ram of 
wiwght inn, H bi. ditneter, with egro find on e r oei h wid 
jm, and mrkid Iqr it. Watenirara in body t in., in ralres 
1| ?n. Three bill-Talyes, with 2} in. hoHow Mia, one for 
suction, and two for delivery. Pnmpa bolted to insido 
fimeplateo. Cook en deUfary^pipo^ of biaai, bolted to 
l«ml. Pipee of 4' in. eopper, 8 in. dinneter, aenpM to 

t<'in!<T ^vitli double batl-and-sockct joint. PMMCitB of bfWi, 
snj enpppr lubes. Figs. 2o0, 238. 

(ifiieral Fitlhiyt. — Two indiarubber-ljulTeri, witli cist iron 
aotkata bolted to bofftr-beom ; aUo draw-hook and 1 in. 
^tam. Fence of abect iron, fixed to footplate and coping 
with 1 in. angle-iron. Iland-ntils of I}in. round iron, nl .ii:; 
sides and front of boiler. Footstep;^ uf plate iron rivettad 
to leading and trailing goardplates. J)ra.<<9 oQ^MCblnd 
le lidea of smokebox with tabe* to Talve^ealn. 

The foregoiog loeomotire hae been detailed with «rn- 
lUeralilo niiinitcnpfs, for it ni:iv \n'. ronsidered .is a IcadiiiLr 
nple of worknianahip, oombiuiug the matured rceulu of 



the firat example oSeri the beet meane of introtoing tiin 
eMoa edhieb anooaod it, and ainita of gnatar bmity In the 

treatment of the latter. 

The psiaienger-locomotire which fomu the subject of 
Plates I. -III., is closely similar to that made by Shaqi^ 
Stewart, and Co. (lately Sfaaq> Brothan, and Go.), and ia 
in many reepecta identical with it The example befirn na 
may therefore be necopt'^d ,ai an embodiment of the lateat 
practice of two of the most conspicuous loeomotivo-buildiqg 
firms in England. It is in fact the nltimate reealt of the 
gradual derelopment of the aariy m-wbad typo of engine 
prodaoed by Stephenson, in wMA, while the general deeign 
baa been substantially adhered to, ilie details in many 
important respects have been materially modified and 
improved ; and is probably the best that can be made of 
the ipaeiaa of aingle wheel looomotive which it npnanta, 
with napeet to ito detafle. The employment of four Iwap- 
iiigs on the iliiviiy :i\I<', iii.-i lc and outside, which eonsti- 
tutee the leading distinction of the apeciee, ie, however, in 
onr Tittr mdicaUy and aaaanlial^ daftatiw} b 
to 
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illustration?, it will bo 6linwn how bIiujiIv llii> iiuniUrr of 
bc»riligs iiiav be r«Ju<'i-il tu twu, |Hacod exclusively iu.iiilo 
the wheels; ui<i in the Bul>se<]iient diieaaaioilS 00 locomotive- 
litBUBg, it trill b* fully demontlntad, Iran oftiiMH*^ 




ruauiu*! UiuMuiia, (MNafk 



that however rlaboratoly and carofullr expedient* mvf bo 
•■plowed for nentralizing the inherent defects of an aeen- 
nnfatioB of bMriagt «a th* driving ula, it ia piMtically 
impflwibh to pwwt ti» dklowlka d— to Um MUgonhiii 
of iuido aad oMliUo bMringt. 

II. Maw pASSKSfJiK- Locomotive, wi-ii IIini> W'iiki.xs 
OOlKBDb n KtTMir, TiiOMPiios, ASD Il£wiT6o», Lekds. 
Puma IV. V. VI. 

Arm of grate IS'S Kjoarafcl. 

Diametpr of cjliodor, ... , ... IG iiMbeii. 

Stroke of piston, 22 do. 

Diameter of liriring wiMeb, ... 0 feet, 

Lf!iij(th of wbcel-liMe, It do. 

Total wa|^ in watfaac odar, ... alKmtMtonk 

OflMral A mrojwmnft— -OrtiwHy tailor, and oylindm 

horiiontal, inaido ; six wtMolt, of which the leading wheels 
an behind tlie eylindera, and thedriring and trailing wheels 
Man and behind the firebox. 

BoiLKlt. — Fif«bos.ohaU of i in. plates, except »ii!v pl:tto«, 
} in., made with wings to connect to inside franieplatea. 
FiteboKof^tD.oopporplatoi^ nMieiiD.attttbooi 4ft.8in. 
by S ft. 71 ia. vide, and 4 II. H ia. Ugh abow ginta, iaaMst 
with 3 and 4 in. waterspaeso. Asbpaa, of tin. plato. 
Barrel, of }in. plate, oval in section, being 9 ft. 9(in. 
dc*[>, 3 ft. 7iin. widi-, outjiilc niul K'l ft. loiii;- 
Duiler-staya: — Firebox slavcJ to hln'll witli iS in. i:ap]>er 
bolt«, 4 to l!iu. ccnln.s; six roofstays to firebox, caoli 
of two bars rirelted together. Two liin. tie-rods bind 
•aak and plats to barrel, pinned to palms rivetted to plataa 
«id mvm of bamL TiAeo: U7 bnua tabeo. Uin. dia- 
motor ovtotdo ; tfaldtDtaa taper* from Noi. 18 gango at fire- 
box t i .Nij. i » at «mnk<iIiox; l.'ii-ih 10 ft. lOft in. botwoeo 
platvi*. Stuokebox of aanto length as qflindsnt oloasd at 



I bottom to exclude eyIinJcrs. Tab»fliilaifa. BInIi ttr 
atenm-jointa, { iu. at l^in. pitch. 

I'ltAME. — Compoaad of two ontsido longitadinal plate*, 
two inaido plataa^ tiaaavms timber faoaai at sadi and, 
aiad dni«.platOB. OoAaido Inmeplates, oaeh in ont plat* 
8 by 1 in. thick. Leading axleguards, each of two I in. 
plates, rivetteil to frame with wraui;ht-iron guide.*. Iniide 
Framing: — Two platoa 8 by I J in., iVim biifr'T-bonni tu 
firebox, and two extrst plates from firebox to hind beiim, 
rivoltcd and bolted to wings of firebox-ohell. Hind and 
rniddlo axlagnardi «f tin. plata, rinttod to firaaim aid 
BnboK. Bad boam of mfiik mit% UMu \mm 6 hf 
18iB.,Uirf biuia 6 hj ISia. P inPfh t w i Two fin. 
platoa ritretted to inside framing. Draw-belt 9 fa. 

I'raiM-f^t.ii/f. — 1st, Tlie cylinders, bolted to^jotbcr and to 
the inside fruneplatea. 2d, The motion-stayplate, i in. 
thick, in one piece, binding the inside franieplates and the 
barrel of boiler, witb 8 in. angle-iron. Sd, Two box^taya, 
at motion -plate, ono oo aaeh atdo of sogino, between in and 
oataide frameplates, composed of two tlcplataa dnttad with 




Kman't LamMitn-fWaaMlCnBkMS. 



Sin. anglo-inm. 4th, Boiler^toys; firat, amoksbos-otoys 
of iin. plato oa odgSb find with angla4tM to ■nokabox 




and to framsplatsa ; aeoond, the barrri-atoys of I in. plato, 
in thrsa parto, ono to sash aida, and ono f oa Alig bolow the 
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boiler, UppeJ mi rirrttoJ to the LoUcr and iiuido fraia«- 
platea; third, Uw tlrcUi-Htavs ..f f phta^lipfadiidlifllM 

to boiler ami "utaiiic rMim platos. 

lOcVi a)iJ Axki. — Of wrongbt iron, with cast navw. 



Iriiiiiiig axlo Ci in. Leading wheels 4^ ft. Axlebosaa of 
eatt iroa, witli braae buhM. BfHaf^ CMh aC 17 |htw 
3i by fin., 3JJ in. long. 

Engine. — Cvlinii«r« and Talre-ebeot of ca«t iron, in two 
|HM«a, bolted together aiMl to £niM. OyliadfT, 16 in. by 





ttiR.MnlMi llMBilOCto 14i bjUin^ exhaust S|ill.; 
lap of vaW* 1 in. mHUMit, ^n. imin, iMd is M (wr 
A in., travel 4 1 ia. PbtoM of tnH, 4| in. tUdc IM 

of iron, 21 in. diameter, Bcrewed and pinned into |Hlt«n. 
attida4i«ra, of wtougbt iron, 2i in. broad, (m |Min to 



•achcvllnder. Oi — W<i ig wJ,<ft> l<H».W*iw. ClMi|iGag 
rod, ft. eantm. 

B w ft tiM »f <Mt if. a^i<^g ifcftiwr. Stnyi of 
bnii Boda 4 ft. 4) in. centre*, piaOMi liUnd lo linlc. at 
fti in. apM-t. Linit It in. tUck. Tdv* «f bnaa (aet 






— rr — ■ 
'1 1 






1 


! ; 




{- 




1 











^^^^ 



Cylinder). Bod ll in., coltered into wruogbt iron «liJo 
which carriea the etidin;T block. Slide guided in blocks car- 
riad hf two |win of transversa ban &t«d to guide-bars. 



bolted to framr, with leven fuijinig «qMnaion-liDks ami 
balance-weight* ; linked to intenacttrta liutft mdwd b/ 
revcraing handle. 



Otw:<-Shaft ^iiL,iBin«HBht inn bMiiqp 11 B^gdalor ud* with 9iiii. «ifMdw 4iHb ntating 
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StMin-pip« of CMt iron in domf, of copper in 

hnnl I oMt iron braaeb p>p«s in imokebox. Bl&itpi|M of 
Mpptr, wHIi 4#in. m&ot. 

IMfmp: Ohmbir ti «Mt ino, bolttd to awti w i fU t » 
tmiuSMttAfpati, ]iuitiii.,af«ra|^Inii|««kid 

by eroMhMd. WatMMiigr S In. VMd-pipt «! 

2 Id. 



HI. MtuD TiMMrhoammn 

IX. 

A ron of i;mtf? 

Didoieur of c^linikir, 

Stnjktf uf |ititon 

Dimmctrr of liriTing wheeli^ . 
lionRth of wheel-bM, ... 
Weight 00 foar londiDK wh . 
So. dririiig aod faind wbedi. 



Total miglht in 



Uin> Wmu 
Piam YIL ▼III. 



10 aqiiwa iMt, 



»ij ,. 



Ml 

of the wUrnry 

iSfltukn iuM»i tight wtueb, wf wUeh the drircra we in 
^dI of flrebox, anil eoopled to hind whetls b*hind finbox ; 
four front w!ip:i.1i. t«o axlt.i ]'lai'.-il in a bogio-frMOM and 
•wivvlkd to » piirot behind tlie Emokebos. Watw^tank 
pkMd orar.tlM bwwl of boikr. Si«<ig»4nk» aflilM to> 
I driviflf and (niliB|g whoola. 

Fii rt iw Ai tt «f I to. phtu, «wft h— r part 
of rnmt pUto i in. Finbos of 1 in. eoppar (Irtaa, I in. at 
tuboa ; 4 ft. 4 in. by 4 fk. 8f in. wida^ and 4 ft. 4 in. d««p 
above ban at front, 4 ft. 71 lu. back. Wkti rspa'-e i'} in. 
at bottom, 3i in. al top. TnuisTene mid-feslhvr with 3 uiiJ 
4 in. watenpace. Ashpan, of A in. pUte. Barrel 4 ft. 3 
in. diaiaatar iaaide, 10 ft. 6 in. k»g ; npper plataa t in., 
lo«wliB.lldL Bnda joiMd with 8i in. anginJian, Mft 
down to 8 in. on appar part of kamL Luida atlfat <ap- 
per iUya of Anbas i in., aseapt rani kvtr fart tlhmii, 
row round fireboi, and at ahdl itl^a, 

fif. •u.^-aMk i«k 




D. Down"* TA!*k Lof ■-'il'^TTf — Buiii M':'.liTl«<ij 



where they are 1 in. Ten rooCilaya of wrought iron. Eloveo 
] i in. tie-roda between extreme plataa^ and two nidi bahraan 
plataa of flnboi. Tubee:— Sl» bnHtnbai^Sitt.«ataidai 
N«. • gaifga at linkos, tapering to Kc It at 18 to. 



thence to No. 14 at imokebox ; length 10 h. 9} in. between 
platei. Smokcbox made to encloae cylinders. Tubeplate 
i iu., other pUtea i in., except lower part of front plato § in. 
SMupar in anMhaboi, fimoad with " Vaoatian Minds of 
rimt Iw wmM hf handh at fcatphto. Bieatafarataut- 
jointo, f in., at 1 1 is. piteh; except at junction of firaboz 
and ahell, {- in. at 1 1 in. pitch ; and in lower halTea of angle- 
in,in at ends nf liarrrl, where they «r« urr.iii.^;f 1 z-.-z.i;^. 

FuiMB. Sides, of oak 3 by lOi in. deep, with i in. 

aaeh tide, fixed with 4 in. balta and nuta. Ooarda fur 
drivtoSHuihindaxliOi^auMlawUliaiatirMfaidai. Buflar- 
hiaaw «r oak IS bur 6 ton fimrt baam holtal to patau «ara«l 
on I to. platao riTottad ona on aaeh aide of amokabox. Mid 
atiliened by wroo^t iron bracketa. Middle Stay for Drfr- 
tii:; .\\\r, of {wr, \ in. ji'ialcj fixoi vritli anglo iio;i to bar- 
rel j with cost iron >:ht^ck.4. Krauie-Slays : Ist. Two barrel- 



irwrivr 



5i 




ataya, of } in. ptota ; Sd. Two firebox-stays of 1 in. plata, 
fliad to fliobox with 1 to. atadjiolta i 
toto intes. wok aato toaUa. 





Bagio Of vmght inn, with foar aslagaaidi^ 
to WMifo plvok Ptnt of wronght inn tt & ' 
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with 9 in. spheriokl Wriug, rivrtUJ Into double gusset of 
-fi- in. plate rivette<l into angle of barrel and smokebox. 

Draw-platee : Two f in. plates, riretted to back of firebox- 
shell all the width. Draw-bolt 2l in., bar. 3 in. 

Wheels and Axles: Of wrought iron with inside bear- 
ings. Large wbe«U 6 ft., with 3 tD. entokpina; bogie- 

j1 



wheels 3\ ft. Tyres faced with st«el, fixed on iron with 
dovetail and sine Joint. Crank-axle Ci in. in body, and 
very heavy and rigid at cranks; hind axle 6 in., bogte-atles 
.1 j- in. Axlo boxes of cast iron, with brass busliM linc<i with 
white metal. Springs: Driving spring, li plates i by 1 in., 
3i ft. span, with shackle bearing on scat, with hardened 







n(.>IS.-3i>ltl-10a. 



t 1 


i9- 






I -T ■] 
1 ^ 
















r' 





n. Ococs*! LacoaonTt.— Csuoctiai Red, ai Ciufllai tai Eul. 
ri(. tW.-Salt MM. 





D. Oeock't Locoaerm.— Icmlric tU Slnf. Eipiiaao Itnk, \ttt*.tot list lad illicit- Block. 

pieces bolted together and to front and bstck-platea of smoke- 
box. Cylinder 17 in., 21 in. stroke; steam-ports 13 by 
1} in., exhaust-port Si- in.; lap of valve )-i in. outside, 
iV in. inside, lead i in., full travel 5 in.* 



steel surfaces ; seat rivetted between two i in. plates bolted 
together and forming compensating beam resting at ends on 
•lie-boxes. Bogie springs, 10 plates, 4 by i in., 5 ft. span; 
shackle linked to frame, and ends linked to rods bearing 
on axleboxes. 

ExaiNE. Cylinders and valve-chest, of cast iron in three 



* The lead and tlie travel bare been altered to the above values 
kiiwe the preparatioD of tbe Ulustralivo PUtos. 
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PiatoD of out iron, 4} in. thick. Rod of nroughl iron, 
SI iSn villi tm eolUra embraced between di«e of pi«too 
snd the cover. GnMili«a<i of wroaglit iron with two S| in. 
joamala forje^on it. Two east iron stidea lined with while 
Betul. GuiJu-lurs of wruu;;lil iiun facoJ with steel, j in. 
brouti ntotioa-platM i in. tbiek, on« to each cylindor, rivetted 
tohHNl«rboiWr. 

GeoneetiDg Rod of wroaght iron, 6} feet cratres, with 
butta and straps, llrasa baahea lined with white metal. 

Cuupliug Rods of wrought iron, 7 ft. 8 in. centres, with 
bntU and atnpa. Buabes of biMt lined with while ni«UL 

EcentriM of «mI iron, St in. tkraw; itni|ia hhI m4* «f 
wronsht iron. Link in two parts riveltpil toL-rth-r. at: 1 
pinned bcliiiiJ to rods, Busptuded from boilur. Valve of 
bnwa (s«e Cylinder). Rod 1 $ in. in two piece* tapped into 
hMklo; finiahad with allda working in gnkiM cart on tiIto- 
dMit, nd pinnod to ndina link, nhich eurioo tKdhif Mode. 
Reversing Gear: — sh.ift 3 in., with bro^s hrarii-.^s Frr. w. .| 
to gaide-bars ; with twu levers to work miiuii luik9, au J 
one lever worked bv rerersing lever at foot-pLite. 

B^nhtor: bodj of cut inn fiiad in nnokehox, with 
bnw ilidt, wwlcigg over two porta. Copper ateam inpe in 
boiler, whole length, fixed into end-platcs with fcrnh-ii; upper 
surface pierced with ^ in. holee. Steampipe of copper in 
smokebox. Bhaipipo of ^ in. dianod plato inn, with 
6# in. orifice. 

Feed-pump of east iron, with ^ in. hiMi IMI vviltod bj 
back ecTOijtriont H IB. oofpir pipo to fcoilar, and 2 in. pipa 
from tank. 

Task.— Of ehnreoal ptota iron, 



barrel ; 6 lbs. per foot for top and aidoa ; and )|V 
farhoMom. StUEMad witfi tiw iaaMo. 8id«jiiMlt£ 

2 in. copper pipe passed bi-1uw boiler. 

Bbau. — Of wrooght iron. Two aledgea to alid* ona^ 
onder the la«b«S{ wolkad bj lavan ami aeanNBMiwt 
ibot-plata. 



Sm-aoK Cnd on tapflrtoik,wfidiHia.et|pi^ 
■naked to naoh the taUa en eaeh aMa. 
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IV. Pabsemokb-I^ocomotive, with Optsidi 
Gear, AND ImmBOl WBiKUt. dv RoDsuamai 

St Co., NSWCASTLE-Ol-Tm. PUXB XV. 



Ares of grsto, 

Pianieter of cj tiittter, 
Stroke of pUtoa, 
Di.'iiuclcr of Ji iviog wheels, 
Length of wbcct lmsc, ... 
Load on tnwt wbocU, 

Do. diMiMiflMeli, 

Do. Und wbMM^ 

TMil wdi^ ia waibhv "'n* 



M. 18-9S •qosnfcM. 

16 indki. 
... 20 do. 

GfeelTiaebK 
... 14 do.* it, 

~. 11- 





with 



inl.-il 



»rif ' .'1 n\i!ti^ment, -Ofdlnarv boik-r, 

linden inaide and horiiontal i val v«a and gearing 
aolBlda; atewheab^ of wbiohtba iMtdingwIuala wabahlitd 
tha igrlinders, and the drifinf and hind whaab baAn and 
behind the firebox. 

BoiLXB. Firebox-shell of iV in. plates back and front, 
^ IB. aidaa, and fin. top. Sides inado with winga to join 
diawplale. Firebox of oopper, tube plato ^in., back plate 
fin. round fire-door, and thinned down toiV'"-at otitiT 
edgea, sides and top iV in. Inside length 3 ft. 9 in., 
width 3 li. 8 in.,he^t of bars 5 ft. 2} in. Barrel of f in. 
plataa, oval ia aaatian, 3 ft. Sin. by 8 ft. 9 in. ineide^ and 
U ft. long: lU tttbee dinnalar onlaida^ fin. 



N"". 12 and 14 wirc-^nui.'o. 1 1 ft. Si in. long. 
i ft, 4^ in. long, tabeplate i in ; aidse i io., fraot flit* i"- 

FiAin. Printfpd nenibefa, two oatoide and t*<> '^^ 
longituilin.il plates, with end beama. OoUide pUt* 
tending frt>tii end to end, 0 in. by 1 in., except at cvlu*" 
9 in. dec-p; in.side platea v\{< uJiuu' !>c-twmi ilu[^e^l«•''' 
firebox, 8 in. by 1 in., except between barrel sUj' »"'|^ 
12 in. deep. Carrying axlegoaida of two i in. plau* tiw«» 
to::rthpr ar.d tn t!i.' I'r;i!n'. pl.ilc9 ; driving axleg"*"'* 7^ 
oil iiiaid.' pl.itr.1. liuller-Ueam 2-i by 6 in., hind «^'*' 
9 hy 6 iu. Two \ in. drawplatea rivetted with aaglf^"*" 
hack and to side wings of firebox.aheU j dia»-bolt r ' 

HwmSlajf, let, the cylindat% 
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four loiigitu.liii.tl j>liit(<4 in front. 2U, tho molivn-plate, ^ 
} in. thick, rivetted to the fi-snieplate* and to llio barrel, 
with angle-iruo. 3d, Bracket! rivettod to fiiml of fixelxtx- 
»belJ, with pUtes to embrocu cniU of iniidt fruifpUUs, with 
Vbwtf for nptniioD. 4th, The boiler tlaya, at tuiokebox, 
huml, Md flnbos, uf i in. plate, 6^ in. broad, with palms 
riv, i[i.t [i. l.M.Ki 1- .iiiil l.i ['r/iini [il.ilt'S. .■>ili, ''pp*r draw- 
pliiic j-iwJ wdli aUjjU-uiiU to iJiu vuJ L(t;aiu, jiud binding it 
to the Crvbox. 

U'htrUaH'J d^lft. Of wroiglil irui} Iaif;«wb««li6f(.7iii. 
diaairter, crank-axle (I J in. { tntJl wlueli 8 ft. 10 in., with . 
S in. uIm. Spring! 3 A. apm. 

Emivs. Oylindera niulerbaug, okitingi) iu two pieces 

bolted together an 1 to f ich fraiiif |i^;ito wi'.h flanges ; valve- 
vhcDts outside tht cvlirdti i, uilMusl j assago between thcui. ' 
Chest covers of wrought iron. C)']inders 16 in. 1". -h m. i 
stroke, 29\ in. centres. Steam-ports l.'i bv 1^ in., exhaust 
8i in. ; lap of valve 1 in., lca<i A in.| travel ii iu. Pis- 
ton 4iin. thioji, of hnwt nd Situ., Mmwod into and 
{linnod to inilim. OMhoctiBg-rwl tfft. tin. MntM, vHli | 
.ilrap at large cud fixed with two taper bolu and cut:;. Two 
pairs of guide bars and two slide* to t^cli orossbe.-vd. 

Eccentrics 5-1 in. il:ni\v. LixcJ on r.\[i:- ■mt-i,!.:' tlir wlir-i N. 
Rodl 5 ft. peDtrM, piuuird to ends uf link at Iti iu. loulrt^; 
link IjJ in. thick, shifted by the reTtrsing gear. Valve of 
htut, tod li in., niada with aqavo and to work in gnidH, 
and tmry UsUloek. Bonniiflg alialt S) is. at Sin. 
at centre, with boariqgi 4N1 «Ntoidn thmiagt iritb lerers to 
<-arry cxpau!iuu-)mk« and T>a)juie«weight«. and witli rod and 

lever .'ir. h)i.|[il,ilf. l'.^-i:'.!liir - I in ili.riir. 

Feed-j>auip ou tia^k aide ol lirebox, bolted to shell. Bam 
3i in., and 5\ in. stroke, worked «fth link Anni hack anm- 
trie. Copper fetd^ipob 2 in. 

V, PaasnoEB Lm»motivb "Foisstohb" with imeb- 
nm&Ti Damiia Shavt aid ixoBrBSDaat Wmsu, by 
Bomin Stmiwmr ft Co.* VwmuKUKt-Tm. Puts 
XX!X. 

Art* of grale, ... .„ ... 1 4 jquore ftvt. 

Stnikr (if (lUlon 22 do. B 

IManK^er ufdririns wbnt. ... ... Hlvat. F| 

Leiij!lh of wbfvl.baso ... 10 do. | 

Laonil un tout front wbeela 1(1) (oiiy. 

U«. driviog wheeU iu lio. 1 

ToMlwaiilitmiPortiHirwiln',... n|iBM. 

Oriteral Arranytment. Onlinarv liorTZuutal boiler : 
cjrlisders inside and boriaootol, VKlm wd gearing inaid* ; 
itttermcdbto mok altaft in bout of finkoc, driving wluda 
and atn^ght ailo baUnd £nboi, tm pain of canjiof 
whwls and nclaa in front. 

U 1" r ti jx shell of I'l in. plate, except back and ; 

front jilitiLa 1 HI. Firebox of \ in. copper plate, except 
tubeplato i in. at tubes; 4 ft. long, 3i ft. wide, and .'> ft. 4 in. 
high, with 3 in. lou^ituilitutl niidfeather, walcrvpice 2^ in. 
raimd firebox. Barrel in plat«!< 8 in. full, 4 ft. S in. <liamet«r 
onlaldo^ 10 ft. 8i in. km^; IM tnlioa % in. ovtoido, | in. 
dew. No*. \t and 13 W. O., 10 ft. 11 in. long. Sfflokaboi 
of A in. plates, tubeplato I in. 

FaaME. Composed of two longitudinal plates outside, , 
•ndtiraiiHidt^oitaiidiiif InnaBdMondiwUlibafllirbnai ] 



and transversa piates. The two tnAidi^s are 9 by 1 in. 
general s«etion. made dc«p«r at (Uc cy^iij'lers, and formed 
with guards for the crank shaft and driving axlo. liia 
ennk ahaft guaida ars fitted willi oaat iron ^Mm, and 
wroogbt iron •djnatiiig mdgaa. TIm nslagoanla bnim niaii 
oast irm gnidaa, riTotted and fitted to % pvr of tramvwM 
i in. tie-plates, rivettc'l r.r.fl 1»i!iim! to .iinl I.ctwc-'u ihr 
guards. The outside pbtea) are by i lu., utada wiiii 
guards for the leading and second axleri ; aud sliOvHod at 
the Disnls with a second plate and a thidtneai of timber 
iKintAii, and with catt iron guldoa fer tba azleboxso. 
UttSor bfui 14 iqr ^ plated at jniMtion with kogilndknta 
for ftiBsMi, and joined with nn^tran. End plate \ in., 
riv.;lif.! \v:;li .ni^l.j-irf ii t > sides aiid drawplato. Draw- 
piiiU' 'i i-U,, a:id fvjlp'.ato 1 in., rivetted with angle-irou 
into compartment of fmiKr In liin 1 ^iiivr: .i\le, and rivetted 
together with kneed plate* forming draw-chamber. Boll 
2i in. 

JVoMMMgw. lat, Tka ejrlinder-caatingp batwoen tlw 
inwde platea. td. Hie motkm-flato, fin. Iliiek, binding 

the ineido plates. 3d, Transverse plate U by I hi., in front 
of firebox, ilh. Two Iransverso i in. phltcs kkitul lirebox, 
bindini' .ixI'u'u.ti'I''. .^t^l, I ir.i.ijiI.itL- as above described. 
Gth, Koitcir-etays : ot whicti there le, first, the lower part of 
the srookfrbox front, of I in. plate, formed with winga 
rivetted with andiron to the iaser and outer bamiog ; 
aeeond, twn linita of wing-stays of i iu. plate on edge, 
rivetted to barrel and to frame; third, two pairs of fillins;- 
up platea inserted between firebox-shell and inside frame- 
plates, ihroush which the latter are bolted togrtiier. 

irA<^ autl Aj^ltt. Of solid wrought iron; driving whei l* 
G ft., axle Gi in.; carryins; wheels 81 lk.(nsl(is 5 in.; crank- 
abaft 6i in. Loading aaleboxta of eait inn with btaai iwiiiee; 
ennk abaft bonea of bima, adjiMtad ktenlljt driving ttle- 
boxi's of bni«8. Single hlnd^fiag applied trausveneljf 
above footplate and linked to it at middle, to span tba 
axleboxes. Single leading spring on each side to epan tba 
fore and middle axleboxos, linked to oul«ide framing. 

EsoTKB. Cylinder castings in two pieces bolted together 
and between tbe inaide framipiatef. Oyliadera 15 bjr SSin. 
airakas SO Id. eantna. Staanporto ilia., ezbanat £iin« 
lap of valve \i in., lead A in., travel 4i in. Piston of 
brass, aaoM aa lor engine pr«viously deacribed, pi«lon>iod 
2i iu., connectiag rod 6 ft. iin. eentrei^ of aaae fenn aa in 
last engine. 

Eccentrics 6 in. throw, rods G ft. centres, expaasiou-link 
liin. thick, 17i^ in. centres, pinned to rods at ends, aud 
amtainad at midplength. B< versing ehafl underhung, with 
haaii^^ an oaoiion^plala, S) in. at ndi^ S| in. at middle, 
^aive of bnMO, rod If in. and If in. in itnlBng-boTee, 

workiri^ !i!^o Hxr.! ^ui.ti: r;irrii-vl I'v .,"iiilL'-li.'irN. 

Regulator placed in suiokebox, sleam-pipe extended whole 
length of boiUr, and poribratad an ippar M» to eollaal tba 

Feed-pomp fixed on each side of firelmt dulli wackad by 
•eeeatiia on onnk abaft. Bam Si in. 
The detail of thit and the Ibregoing locnoiotlvei, aaeh aa 

is not worked Out in ilii- i ngravings, may be supplied gene- 
rally by reference to the more elaborate reprmntations of 
oHier apiennam of lotoaMtlTa veiki u tba pnaaal a aetian. 
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CHAPTFR II. 

OftDIBAaT P *W l»0re -L000MOTIT«S, WITH OCTSIDB 

OnmiilM. 

I. PABtnnfosH-LocoiioTrvB wiin IiratiPsirDsirT wnBEU, 

BT JOHJf V. (imX-H, LoSDQJI. FujSB X., XI., Xll. 



Are* of j,'ra-..«. 
Diameter of ejUDiler,^ 
Stroke of pntoo, ... 
Diiimc<«r of dririnz i 

Wb.;J-l 

Lobcl (lU kM.-liri;; nUtfiU, 
tUi, (J.'ivni^ MLe«l«» ... 
Do. hinit wheels, 

Total wcijtit m warking order. 



I2' l ^qunri' Ir'(.-(, 

21 do. 

6^ f«ol. 
IS ft, 8i i 

8 tool 

9 ,. 

a .. 
10 looi 



ni.>si. 



Gmtrai Arrangement. — BuiUr of the ordinnry form, 
cj'Unden outside, and inclined to ele«r the leading wheels ; 
•is wkMih, otwhioh tha ludiiig whaaia am iNhinii tha oylin- 
im, ud Hht drirhig and trailing wiiaeb balm waA MtmA 

the firebox. 

BoiLKR.— Flrtb .x-'holl, ut J in. pistes. Firebox, of i in. 
copper ]>lAif ^ ina ti- 1 in. at UilNt|SIL 0|itt. tjSll. 7i in. 
wide at lottorii, and 3 ft. 
10 in. mam lieight, inside, 
offlttta. Watenpaw S in. 
«ttaakndaid«i,«klialag 
npmnii to 8 b., and Sf in. j' }^ 
atfroDt. Mid-feathfrofcor- "jj 
nigateii phiic-. .•Vslj^nn of 
A in. pl;iU'- IWrel, 3 ft. 
7iin.outaide diftnietor.IOft. 
kag; of t ia. platai. In- 
aida Sti^a: FfiibiK itqrad 
tadMD«iaifiQ.imMii. 
SI in. to 4 in. pitdi. Sx 
r .if-5taysof rib-iron, linkvd 
aI»uU> shell. Eight thorough 
tie-rods, i in. Tubes: ISl 
bran tabes, 1} in. dlametar, 
«ccepi ISimatiralmtlf in. 
No. 13 gaaga it liabas, 
tapering to Xo.I4at siimIc*. 

box. .Siiiiiii lii.v ; Tii1n-- 
ptato f HI-. LthiT i-ilatea ^ » 
ill., inaii.- Ill r ivi.r cj'lindere, 

•ud nvetted to ouUido j.T Bswrttnuauini. 
fiainM|>lati!«. Venetian dam- ««^w>»««II 
pir tt tBbMBdi. Bifato^ br ateaB-Jotnt^ f Itu at If in. 
piteb ; fai aBMAabm fin. at 1i In. pitali. 

FB.AMB. — Composed of u lit,-.; I.I aii'l insi l-^ wivm-Iit iron 
plnt«, boand with etui jiatoi", Lra'Arti!, Mstl cross stag's. 
O.iiii.l. [ liit.'f :j in. d,: ,.|.. i i:,, il,,, k m front of middle eroM 
Miiy, ii!iJ i iij. buljiiiJ It i wma witli an extra ^ in. plate at 
hitiil hIiu.lU, with beam of hcart-of-oak. Leading aileguard 
•f plata boltad to tauui witii «Bgla4»n giiidea. 
Tniliaf andcgaaxdof two i to. phtv. witli caat iron guides. 
Inside plaUMi 9in. d««p, } in. ihick, fonned with driving 
axleguard; inside leading axlognard of } In. plate, bolted to 
it with angle-irrjji Framf-Stays : 1 -t, Tliri-e trani- 

rsrss augle-iron sia^ s, ( in. thick, juiuin£ insids frame- 



i , 




pkti'.i : rmr- at the front, aiul two before ani bi-ljiuJ firebox. 
2d, a f in. plal« at vud, bound ytalt di«^nai stajrs to side 
platM. 3d, Inside and outside plates joined with knees at 
anda, with tba ojliiidaMiMtiiip, and with tm maagiit' 
lim bMltate tt .mA aida. dtt, Bvil(Mtqr% «f yHuA 
thm ara two juntng batnl to iaaida plala%«i»l Mm aagfe. 
iron iStcbox-itayi rtating on inaido plataa. DravMt, 
S in., let into cvm wrlilnJ on clisL''inal stavs an'J riretttd 
to end pUl«. liuilW-UeAa), 4i by laiu. b<i>iu>i to front 
plate. Wheels and Axles, of wrought-iron, with steoled 
tyres. Driving wheels 6 ft. 6i in., with Si in. cnnkpin. 
Smaller wheels 4 ft. i in. Axles hollow at middle ; leadii^ 
axle has four bearings. Two aaoaotriai Jaigad aalid «a driT^ 
ing axle to work pumps. Axleboxsa, af «aat frm «ilh PImi. 
tiiii n metal bushes. Springs :— pl.ti'' 4 t>y I ii;., vxtcpt in 
oi-ii^iilt! leading sprin!»» fin.; ti-ansverio It-aJing upring 
abuttirg un burr.'l of kiiliT, und liiikcd at ci.ils toaxleboxes. 
EaoucB. — Cyiiudora, e*cii with its chest in one pie«sv 
and bolted to frameplates. Cylinder 14l in.. 
If in.,aKhanitpoftSiia. L^af tiIm 
I in., Ind ) iun fnll timial 4tin. Piahn of Iwaaai wWi 
cast-iron eorfr, i In. thick. Bod of iron 2i in. diameter, 
fixed witli dc'iiblr coKiki Mween body and coTer of piston. 
Guide-bars of ecc-l, 4 in. bro.Kl, fixed tij rib-iron Kirner!, 
with i in. of hard wood |»a«^iug. Cuuneeting llod, 6 feet 
centres, with white metal bushes. Eccentrics of wrought 
ironi 4i in. tlurowt with hmia atmpa. Fora rad 4 ft. ll in. 
Cantm, baek nd 4 ik. S b. aiatni, piBnad to link baUnd. 
Link U wraqgliUina anitaiaad Igr |ii«<i And to ftanw. 
Vaira of trraaa, with doable failMa, ud «aat iron pkta with 
port-^ in It, nn '.Iin bai'li, to a iinit eicam at two point.*. Rod 
li in., with slide, pinned to radius link. lUrrniing (jear : 
slukft underliong, with levers to work the radiu* links, and 
coooactad to vantiiaig lerer. BtgnbUor, of east iion, ia 
bothHB it iOMkiibM, with tm liraai nlvaa w a ifca d hf m 
shaft and Uvcra ontside, and lever at footplata. Staaapipa 
of brass. No. 14 Cauge, pierced with I'r in. holea on upper 
parr. lJla^t[iipi.- of mpjirr. n-ilh 4i in. orific«. 

F£eil j!uiiki> of hiaM, With 4 in. ptaager, Si in. stroke, 
attached to bangers from boiler. Faad pipa of t»ppw» Ubb 
fruB tandar, and 2 ia. to boUtr. 

II. PaS8KH<ii;.i-l.' i OMOTlvU WITH IkDBI'ISLU VT WnKEts, 

OS CsAXi>ius°i9 srsTiM, BY Dsaait& L Cail, Paris. Plazu 
Xllt XIT. 



Arrn ryf rr^f*, ,„ 
I 'm-ir-irr 111 i-ilinder, 

6Ui4.<l ifii l^ibtijill, u. ... 

iMamelcruf driving whtlU ... 
WbcvbhoM, 

Lu.u! i.n L'.iiiri';^ nrhwlg, ,., 
nr.lilo a-i, ... 
i'lX itntiDg <lo. m 



TMrdiaWitiB 



IS'I •<)aiuofiMt 
IS} iiwbos. 

... U do. 
a has 10) m. 

... 7B»eet 

1 1 i lnn«. 

... •( ilii. 
ll| dou 

... Srtea*. 



General A mu^mmt Ordinary boHar, cjlindan out- 
aids at ntiddla of biml, and horiMntnlt wfaail^ of 
which tha dririog wheels ara Miind tha firebox, and Iho 

leading and middle %>hi 1 1> ni. b r tUe barrel. 

lioiLEil. Firebox-tjIjuU !>].J suiokebox flush on upper 
side with barrel ; the barrel being continued into the 
anokabos. Fireb«x-ah«U of ^ in. plata, sxeapt top f. in. 
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FtnJwx. Of iV in. copper plat««, 4 ft. 6 in. hj 3 ft. 5 in. 
wUt at bottom, mhI 4 ft. S| in.^hJgh ftbovo f^aU, iit«id». 




WatanpiMSl in. •» bottom. Baml. * A. diim. o«lii4% 



11 fl. "I ill, Ion;, of i in. plnti'.^. InsiJn Btavs : copp«r 
bolu beiwmi ilrebox and sUeji, at 4 in. centres. Saren roof- 
»i*y». Eight thoroagh li io. tk-rol^. Tu!h3I: 177 braas 
tubes ; 179 of S ki, Mid 4 of If io. dkm. omttido, So. 14( 
gauge, 11 ft 10 in. loaf btlwcen pistes. Smobabos, ol 
i in. pL%t«; tubcplftU' 1 in. 

FsmsK. — Coinpo»e(i ai two (.luUiic Aiid iwu ioside platM, 
witli buflTor-bMun, end plate, and tnuisrerae stay«. Oucnida 
and issido platoo, of iiw Oi- iiu bj 1 ia. thielc, leading ud 
middkwl4pnfd*oa«b«r«M|ilotorintt«4tfto«iMidophlot, 



□ 



T 



/ 





sod formed witb bearings for (pring-link«, and cMt iroa il p)»t««, vith wrought iroo gutdeaUtlUid to tuido, and woriud 
gmdotboUodoniDoiibw IhinngwIognHdoloniwdoiiiDiiilo ]| TqpontmtitamiMflstabndliDgttei 



—r 

•4 

I 



— •;-r — 

I 
* 





Cunmii'i Iiac«aoti«i^-OHOM«ri>n<nf «Wd,ilia«la|tik»lo<crlu| Cnak. 

FrameiUy*, &«. lit. Bnftr-boun 6i in. tliick. 2d. the two middle sUva bind the cjlinder*, and are riretted to 



£od plot* and loat 



ilajt, 4 in. thiok ; ol wliioh 



batfd. M. Two i in. jfiatm, biDdiog irn'ag axl»-£Bido(. 
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uiLWAT wcmmntr. 



4th. The ioaide Mi ealrid* fntnq>l&tM on each side, ara 
bMidwitKdi^oail0li9t«tlniit«id; nd with gnaMto to 
fodplttoi 5th. InMtihamlHmdUg ril MtUi *»mi pirt* 

and driving ax!e;Tuird-pl»t«», with footplata BBid lomrdlSW- 
plu«. 6tb. lioilentajr*; fint, two iteyi ctttA im rinttad 



to barrel and sinokebox and to iosido TramfplatM ; tttauL 
two wiaji of firebox-abcll, rinttad to ditto; third, • flat 
im alaj jointag ta* «r iiabiHlun to drirfa^ ■dig^^ 
pbto. 

Whttia Hid AdH, of wrongkt ireni kiiiBg^ niddk^ 




JITI 




j" 1 








j 
t 










ii.: 


1 











wd Mfiai^ BN|M«lifi|]r 4 ft* * iBn 4 il^ Mi * ft> 101 in. 
DlMvi tld* kM inside beariogs ; crankpin let into mve. 
•ad femtd wlih mwrhnng crank and pin to carrr eecentrin. 
AxIcboxM of bnue. Springs: all 'if fi, " in. fpai; ; 
leading and driving, 13 ptatca i middle 10 pUtoa, 4 bjr iV 




Tilveehett ; bolted with flange* between the ontsido aad 
inaide frameplatea ; 1.11 In. diam., iieaniports 11 by Sin., 
exhaust Hi in. ; lap of valvo 1 in. outside, i in. iiisiilp. Pis- 
ton of east iron 4A in. thiefc, rod Sj- in., continaed throngb 
huBt mm tt ^fiaim i» ymk jmf, OommliSag toi. 




ZD 



7 ft. 7 in. centre?; small end aolid, §«t with an insido wcdje; 
lirf^ I'nd forl^ci] and cloied with ;;it> an<l coUcr. Eccfiitrics 
in one piece keyed on ofiiliun.- i iank*. Straps of Uras.^. 
Link pinned to rode at enda, carried by rerersing gear. 
V^re>rod li in., with square gnide. Bereraing Gear: 
Saft haa bewhagi an jUj-phUj lialiad (o atpngaioa-link. 



Jovml to dm tht fiaaiag^ 



Ile«:n1ator : Of eaii iron with bniM ellde-TalTe, on crown 
of barrel ; with copper tteampipe, all the len^h of boiler, 

havin:; narrow tla on upper slJc, to admit Bl-ia'n. Exhanat 
pipe of copper, from each cylinder ; finiabed with fana* 

blastpipe, wUh wiaU* aiifla^ adyaitol Igr lod < 

■t footplute. 

Feed puiup : Of him, bollid to Aaal i 
lau XiV »• dim. «g(tand to I 
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111. Pa^sesgeu- Locomotive with TNDEPKirDxn 

BY AliSZAHOES AlULM, CwnTB. — i'l^T£ XXIX. 

Dianie4er of c;1!l 
Stroke of piston, 

Piainelcr of driviDS whet!. 

Whecl-b«io, 

Load OD leailiDj; wheels. 




This cii^'ine is here referred to aa embodying the latest 
modifications adklf tad «t the Onwa Works. In detail it is 
grenenlly the nine as tin gMdi-engino by Allan ; and as 
this engine is at length in the saeeMding diapter, 

it M deamed nnaeoeiMiy to Im otbanFUt apttiflo in our 




notiw «f th* paMMgiMigiDi^ thai in pointlnf out dm 

characteristic featnres of the later desi;»n,wliicli it omlioiiie?. 

General Arrangmtnt. — Ordinary boiler, cylinders out- 
oide, inclined to dear the leading wheels; six wheels, of 
whioh th* drifwia u* in front of tho finbox, Mid tb* hind 
wtHdabahind. 

TkiiiKR.— Firebox 3 ft. bv 3 ft. 6 in. wide insiJix llarrel 
'•i ft. 6 in. diam,, 10 ft. S iu. long ; 1 53 tubes 1^ in. out- 




Iturt pAtUMU LocoaoTiTI,— riuDi of CjlinJ ff, Outkkl* TrifnP, mil (luiJf.S&r* 

side, 10 ft. 6 in. long between platea, Steara-pip, 4j in., 
Irarenins the whole length of boiler, and 8t(od with re^- 
lauir om firebox; two ataun-diMnban^ ona orer firebox, 
andanaao niddbar bami, aaahftlad witk » diapbrasm, 



bozin;; ofT a spparatiug clumber, Into wlilcli tlio steam ia 
admitted by one aperture and from which it is withdrawn 
bgr aoodiar t tbe ateam fnm tba banal babf aanvajad ly 
a 3 in. branch-pipo to the regnlator. 

F&AKE. — Composed of inside and outside longitudinals, 
from end to end, with tranavoiae bindinga, applied as in the 
gooda-amioa^ with wodificatiaina ta auit tba aii^gla-wbaal 
amagMBant. 

ExaisE. — Cylinders 15 by 20 in., laid at an anple of 
1 in 1 2, wheel G ft., arranged as in the goods-engine. Valre, 
1} in. lap, iV in. lead, 4| in. trsTsL BUst-orifiee 3f in. 

Feed-pumps bolted to tcanaraiaa plala in front of driving 
axlo, and worlccd by n>d piuiad to ImcIk aeeaotrio^trap. 



OBAFTEB IIL 

Three-Ctlikdeb Passesoeb-Locomotivs, iiAVUia iNsina 
AID OonWB CXLUIDBaa OOMMIIED, Vt JtOBBU Sxuioui* 

fui ft Ooli, Ri«aim»<nr>TxaB.— Pun XVL 

This class of engine waa daafgnad for the obtainment of 
greater natnnl alabilitjr tban ma arriTad at in otbar loaa- 
motivfs. It ia fitted with tbre* ejlindera, two oatiida and 
one inside. The craiik-pins outside tl:e wheels are placed 
next tba aame aide of the axle, so that tlie reciproeationa of 
the t»a milBida pialooa auedy aaindda ; the inrida emk 
is at risht angles to the outside;. As the movements of 
the reciprocating masses acting out of the centre line of the 
ma«diinab aaat^ balance each other, the tendency to sinn- 
ooa aaliaai la maavad, and fore-and-aft action alone nmaina 
to be belaneed. This engine, accordingly, rans «Hh very 
superior steadiness, even when unassisted with balance- 
weights in the wheels ; and from its peculiar arrangement, 
it ia snacepttbia of a very perfect e^juilibration. It is found 
to give nnqualified satisbetion on the York, Neweaatle, and 
Berwielc Railway, where it ia on Ngnlar doty. 



Ares of jp^ie, ... ... •«■ 

Dismclcr of irisiilr cylinder, 

Stroke of M. 

Diameter of oul*ida do., »m 

Stroke of do 

I>i«i»eter of dririDg wheel. •.. 
Wlieel-boae, ... .n m. 
Load on leading wbaal^ 

l}ob drivniff de.« 

Da. " ■ 



Iiuaaqnareftat 

10| inebes. 
18 do. 
lOi do. 

, n da. 
eissts 

. 14fset 
0 tone. 

\ i Aa. 

0 do. 



Ts(alwaV*iBiratt« aider. » «. gtana . 

General Arrangement. — Ordinary boiler; three cylinders 
horiaontal, one inside eyliuder in centre line of maebine, 
waiUig ta iuida aiank t two ontaida ojriindera, workiqg to 
outside crankpins ; six whe«1s, of which the drivers are In 
front of the firebox, and tlie trailing wheels behind. 

BoitEB — Firebox-shell of \ in. plates, except top A in. 
full. Firebox of i in. copper, axospt at tabea { in. Water* 
spaces S| In. except mldftathar S| in. at betton, and din. 
at top. Firebox 3 ft. f 2 iti. by 3 ft. 9l in. long, and 5 ft. 
high. Barrel, of plates iV in. full, 3 ft. 8 in. diam., 11 ft. 
long ; 1 70 braaa tnbea, H in. diam., 11 ft, S In. lang. Tnbe- 
plate \ in., smokebox-platea f in. 

Fbake.— Four longitudinala 1 in. tkiok, witb anlagoarda 
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]un.wAT luamiEKr. 



m\y hj and bwma, hy ejlinitt- 
, vhkh iiiiiiltad alw to hibr. 



and hj boilwr'tteyi. Tiw # ia 





Chiqriqg vheeh 3 ft. 9 in., nxles 5} in. at middle, jonrnala 
dmble-eoned, in. at middle, 12 in. long; dririn^ ule 6l in. 

EsoiSK. — Cylinder-CMtinj* in tlirco pieces bolted to- 
ftthtr and to the fnnieplat«s, with flanges ; two pairs of 
glAMwt to Mch cylinder, bolted to on« niotion-plat«. 
TalviiViiiiMd tgriUftim iiaka.«M tot th« inaida qrliadar, 
mi «n« fer tin two onlaidaa, tba lattar working a traTWM 
(haft from which the milim 15 liIvc:! | i tlio two valve- 
spindles. Reversing shaft overhung auJ worked in the 
usual ij<..iii::i r. Regulator plaflod Ib dOBO •!» tlw bomi 

of boikr. IllMtHmfiM 4^ in. 

FMd-fuqM bolttd to Imt of flnbo^iMl nd miind 
by rods from the hack eceentrica, fimud witk httft to jm 
rooDd Uie axU ; plun^n S in. 



OHAPIBB IV. 

Goods- L000MOTITB8, wna Ixjipe CyitsroBM. 

I. Goods- LooniioTiTi witd Six Whxku CoxmsD, n 
AncBiiuu) SrtrKBocx, UovoARn; ham sr B. B> Wi^ 

SON & C<^ . LEEDfl. PunXTII. 



Diameter ot eyliader, 
Struke of pitlon, ... 
Diameter of wlxieb, ... 
Wbeei-baae, 

Iioad or li-aJinjj wheels. 
Do. dririni^ do.. 
I)o. trailiof do.. 



14-S M)a>ia fart. 

16 iuebea. 
24 do. 
6 feet. 
IS ft. a In. 

Oi tons. lOl to 
"i « lU .. 

Of .. 7i .. 



20) loas. .:.>; I ' 




I 



I? 



Grmral Arrnnjfment. Ori!!i:n-v Ii.'^'.t; cvlirnl-iTs in- 
side, inclined to clear leading axle; six wheeb all coupled, 
under the barrel and behind the firebox. 

Boiler. RraboaMlwU, of iin. plalao. Firabas, of 

I in. copper platta, f| in. at tabai ; with nid*llMtliar ; 4 ft. 
6 in. b_v ft. 7 ill. wide, and .5 ft. 2 in. lu;;!! above grate, 
innidc. \V:ilira|i.v« 3 in. Ai-lipaii. of » in. platfl, with 
damper. Barrel, of iV 'n. platci, oval .sortidii 4 fl. 3 in. 
daep bjr 4 ft. 1 in. wida, imida, and lOi ft. long. Inaida 
Stop: VMboK tb^vd «ltli (is. aappav Wt%at 4ia. 
«Mlni^w4«%l«i«obli9a)iilMtotiHa. B^tthormigli 

II fa. tlMnli. Ml ^ li b. «iMii4i iMm plata to 



crown of barrel. Tulic^: — 1S7 bn^s tubes, 2 in. diam.. 
No. 9 ^ngc at firebox, tapering to No. IS, at 18 in. dis- 
tance, tbeoco to No. 11 at auiokcbox; 10 fl. in. long 
batwaan plataa. Sn o ka b ax, of xir in. plata; lubeplata 
f in.s trhit Vanatiaa Uiod dampar. Bivata, for jointa 

under Mfam.[ir<'s-*iin', J in. .-xt Ij in. pit Oi. 

Frmii:. — C'unipo.ted ol tm> unt-nJe and two inside frania- 
b«anis, with buffer and end tranarrrse beams. Outsida 
train».baMna, of sapling aab 10 bj 3i in., with iV in. 
pislo «■ aadi aid«^ nnido with aadagwdi ind ant iiM 
gnidaa. Inaida fiismaplatas, of iron 9 by 1 in., from 
cgrtindan to Crabox, with gnarda for drinng asla^ and 
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wwiglil {roo gnldM. BQflTtr-bMm of En«1t«h oak G hy 

16 ill., hWA btkmSbj 10 in. Two draw|i1 ii- 1< nf i in. pUtc, 
rivctt«d to finbos-tbell ; bolt 2i in. Franie-.<>uvs: — 
The cjlinden, bolted togethtr and to inside frameptates. 
Sd. Th» Urn moUoo-pUtta, ^ in. thiok, am for Mofa cgrlin- 
dir, linttad to natrida and inrida Wni, and to bArrsl «f 
holler. 3d. Two win;:'! from t!ic slirll-plates bolted tci in!iiio 
plates, 4lli. Uoilcr-alivvs: first, smokclwx stays of 4 iu. plate, 
bolted to outiido and iiitidr plates ; second, firebox-st.-ivs of 
} in. plate, fixed t« oataida frsmtbaaiD. Wheels aud oxlea, 
of wrought iron ; wInA 5 fact diaok, crank axle with four 
bw ring i, d is. tNtman cnakat fan «nd bind hIm, im 
baaringa, 6| to. Jonniak, donUa-ctmiBaL Oatiida araaka 
k^ved n:i axlfs, H in. radina, with .*? in. pin?, .\xlc- 
boxc!, of cost iron, except inside boxes of hra.'^s, nitli bra^s 
Imtlica. Spring! : Of steel plates Si by i in., with i in. 
back pUUa, M S bat apan. F«m and bijid aprtiif*, 
tS ^fktmt Mrtar. Mtiida M jUtm <MUb M phlM. 

lerer. 

IjM;:NE. Cylinder.s and TalvccIii^Ft, of cail iniii in tun 
pieces, bolted together and to inside frame plates. Diameter 
16 in., stroke 24 in.; steam ports 14 by llin., exhaust 3i in.-, 
lap of Ttlvo ll in., I«m1 A ■■>. full gaar, trsral 4i in. Pia- 
tiBfl{kniii,4|iB.t]aick. Bod, of iron SIIb. 

Eeeentrica of ca-'t iron, with wmu^lit iron rinj* jlirvink 
on at sides; Rods, Tt ft. centres. Kxp.-in^ion link 2 in. lliick. 
Valre of brass, Iti>.l li in., v, ':ih >"^:i:iiv sliiin uii.--l.iiii: in 
bsariog amiad bjguide-bara. fierersing gear : Stuu ;.i >n.. 



with bearings on the motion-pktee ; carrying lioki and 
balance-wciglit.H. 

HcgnLilor : Cast iron pipe in dome, with vertical face at 
upper end, and two porta, and slide-valvs. Joined to cop- 
per pipe going to aawMabor. Blaetpipa of cut ina, with 
copper nonlo; aviSco 4| to 5 In. 

Feed-pumps: Of cast iron, bolted to motion-plates and to 
inside franio-platss. Bam li- ia., worked bjr erosshead. 
Fatd-pipMlin. 

II. GooDH-LoooMoiira wiin Six Wbeiu Cooruto, bt 



XIX , XX. 

Area oferate, ... » 
] hamrtcT of e^UiMler, 
Stroke of |ii»(on, ... 

PLtinrler of wliecls, 
\Vh<yI-IinMi, 

Load on leadine wboeU. 
Do. dritjag do. 
Do. tniBag do.. 



Total 



FumXTUI. 



lO'fiO ■quire feel. 
18 inebcs. 
U do. 

S fift J Inch, 
I'i , '.; I ii:lua. 

8^ Una. 

• » 



Omtral Arranymtnt. Ordinary boiler, cylinders inside 
■ad iadinodt nz wbasla all couplad, with inaido bauiagi, 



BoTLES. Firebox-4liall,of Ain-plata. Finbox. Offbk 
copper plates, -fin. at tubes; with mid-feather; 3 ft. A in. 

by ;i ft. Hi in. wide, and t ft. 7 J in. hich above bars, inside. 
Aslipau of i in. pUt«, with damper. Barrel of i in. plataa. 




~ 




.1 ft. 8 in. inside, !•}■ ft. lo 



In'ide «ti»v.«; — Firebox 



stayed to i-IkII willi copper bolt.i t<> 4 J in. centres. gauge 
Eight roofaUjra, linked alao to ahell. £l«T«n ikwrongfa i in. ' 
tintiM, and damn i to. tb«oda brtirM tawk phto nC 



boiler and end of barrel. 133 brtn tobea, il in., Vo. 14 
I t ft. si in. long between pl»tc«. Siiiokobox — 
tubeplate I in. fall, front i-in. Bireta in atMm-joints j in.i 
itif ii.]iit«k 
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Fun. Two inside fnunaplatM 1 In. thick, mxlc with || EnglUh elm. End and interior dr»«plfttM riretUd to 
Ihnt iBl^guaBd^ Hid MM ina inidii. fiofiii-bcMn «f }| footplate »ad loiwr JBH»jUta,«ndte ftMMp ltt« t. fioltSin. 




Frame-rl'iys. 1^i,T\ii- ry\W,i]iT^. S I. Motionjilate, 1 1 in. ' |il;tl>-s and to boikr. 4th. WliAliri it^l. tl tUf\» llWl, «■» 
thick hretled to fmneplates aud to boiler. 34, Sta^-plate 1 to each aide. 

IiiD.lUA,brt«Mdrifh«adbndulNbSitdtofiw | IRMbMi Jjfai. WhiAtf CMlim,5fk.ihi.aiMi. 




(HlMt •mbfin ■! U hk ndin. Onnk nb Itf io. 11 withbrnhnhM. 8rria|»«rttMl|bl«41gr AhnwUk 
AMB^fanndUndnlitlin. Aikbm oTaHk im, 1| IkLhMikiidihartfhiH. 
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Qjlindm and Talvacliost of out iron in two [I frameplatM; 18 in. diatn. U in. atroks; atMmporta 11 by 
iriUi «hMt Widwtiung. BoUad tofillMr mi to || 1| in, alwiiit 4i in.; Up of nlva i in., iMd ^ in. is fiill 




I 



I 



. 1 — 



t 



liM(a<tiilk«! 



r* Umfd iHia. Piston ol cm( ina, 41 in. thick ; rod 



M 

■r IMfly* inM k fal* loBflH, 

EcccDlrica of east iron, 6 in. throw ; link S in. tUek. 



ofinalfiD. CWMwBolabMMteol,8ui.broad. Con- Valvo of bnaa, rod U in., linked to pendnlun l«f ar hnqf 



■Mtimnd»tll.«ai. 



final ktflMT — *^ tuijiof iMiin Us(k« Bnvniiy tliift 




>|: i :l 



irilk Nit inn bearings an 
nrrj mpaiuion-linka. 



i with AM law to || Regulator: Head piece of brass, witli circular disc and 
nlft. Blaatpipa of aast ima witb nonla and sons for 




regulating area of orifico. Occasionally and moreconiniooly 11 Feedpamps: Of brass, with H in. ram worked by ci«ts- 
■■dt«iA»Cnd«ril6t«r«uiit«i,adjMlidMfBFiB.IM. II haad. Faaiptpa tin «f «>ppw. 
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OHAPTEB V. 

. CkMM-lMOMonvn wm Oimm OnuiMBib 

GooM-LoouHinrc WITH Six WniLB. Aim Focr 
Ooiinn»t nr AuuirDn Aiuv, Obiwi.— Puin XXI^ 
XZIIm xxiil 



Arpn (if crate. 
Di^uitle: of cylii 
Stroke of puou. 
Oil ^ - ■ 



10 S •qinre 

11 inrhn. 
to do. 

mm. 

IS Ik, 8 



D*. 



Gcntra! A rraunrihtii! 



UtaM. HtOM. 
*** Va M 8 m 

" ^ M 4| n 

i!ir,;>rv I'lilfr. crliiiders oul- 
»iUr. Mill iucliniMi ; is:x vrlirrld, of nbicti tlie dririn;; and 
hind «bc«U are coupled bebn mtA btbind Inboi, and 
kadi^g wliMla bthiad <grliad*n. , 

Bonn. FinlMMiMll of fin. phin. Firtbox 3 ft. 
bv 31 ft. wide, tmk 8 ft. 10 in. iii^ off gnte, baiiie ; of 
iV in. capper pItUi, neept tube plate -{ in. thnn^lioiit. 
Dim)!' iimJc wit)) ellield iiiri(Min<; «)>acc between with an 
airtiglit ring ; li in. airhole* is door, and i iu. liolae in 
«hi«U. la admit air. Atbpanof AiB.p1al*,«ithTiitical 



>»«« 11*1 Mfc 



•lidio^ damper. Barrd of f in. plates, 31 ft. by 9 ft. 4} in. 
loB^ Inaida tta^i (io. aogfar jbalu Ik walla of inboi. 
4 in. eeatn*. Eigkt rooiblaTi. Elam llin. tia-radi 

tbrouih boiler. Tubes: 15S brasA tiiltpi, l{ in. ; No. 10 
gauge nt firebox, for 12 in. of ]«ngtli : clianged to No. II, 
aud tajierfii ofl' to No. 14. Lapped over at cnd«, aud ex- 
panded at ineide of plalea, and formled at firebox, isinoke- 
box : tubaplate t in., lide plataa carried round (o incloio 
cylindM*. Fmk|ilil»lallidM. Bi*ala far atam-joiiita, 
1 in. at S In. cantna. 

Frame. Coinpusei! of two outfide nnd twn inside 
pluire, bound willi four transverse platee. Outside plates 
8 by 1 in.; leading axleguards, } in. titiek, boiled to 
piatiai and axtanded to tain aprtng>biiek«ti. Oait inn 
gnidaa and apringAittdMia Mtad on iarfde. Iniide ftana- 
plate* ( In. from front to motion-plate; li in. lluBM ta 
end: with driving and trailing axlcpnards, aud cait Iron 
;;iiidi-9 Front plate J in. \\vA p'.mr. fMnt-pIuti', and 
lower drawplate, # in., riretted logelli«r and to aide 
platee. Draw-bolt 2 in. FraRi«-tUr*: Ut. The evlin' 
dan, whieb bind tagathar tha in and ontaida flatai, ri^t 
and left. Sd. SmoMas tnba-plata, nada wMi langM 
bolted (0 inside plates. 3d. Motion-plate, \ in., in tbreo 
piece* made with knees and flanges: riretled to and 
bindin;; the four frameplates. 4tli. Slav of } in. plate, 
in front of firebox, flangod and with Itoee* riretled 
to and Undiif inaida ftninlitBa. <th. t 




flalaa bollod to and binding trailing axleguards, to carrv l| and unite tide aud i-n I |ku'.c«. 7lb. Firebox stay of 
tiwliaf a|Mia£. 6th. Si in. angl^Jma binding, to atiffim || andiron on aaeb aide. 8th. Batrri-at^ on aach aide. 




□ 



•r 1 in. plata, rhratlad to banal, and ballad wiih iaagaa to 
matien-pbta. 

Wlmb and axlaa of wnvght iiw, 5 ft. and H ft. 



Orankpim ontaide, at 10 in. radint. Axl«« 6 and 6 in. 
diam. Axlaboxat of bnaa, of irhidi tha fawger art bound 
with wmBfkt ban atiafa to 
Si 



Digitized by Google 



S18 



of itMl pbUt, taptr fa fbn t one tniliog apriag, Applitd 
tmurmelj, riudM to 

101 



Ennt. Ojplin^en and TiIvtehMU of ewt tim, ebwt< 

covers of wrought irou. BuluJ with flangea to side plates. 
Dumetcr 15 in^ atroks SO in. : Ian of rtlre I iu^ leiui in 




full gear \ in., travel i in., stcair.port? ll> hy in., ex- 
bMWt i| im Piiton of brua, 4 iu. thick, with cmI inn 
pMiUBf. Xodtifa. OwndiBg fodtoriwd tt wwll wd, 



with twoWariDi;-*, butts and straps; higtOldHlMt MBtNt 
6 f(. Conpliug iwls, aolid coda. 
Eee«lriea of cut inn, with vrait^ inn, rada aod 



Digitized by Gopgle 



} nil ptanito Udt bdrfad. Vatnaflap,iiHh ii pradwlfiMtwtagiorboOMr. Bmnliiff ilnft la Wrii^ 
to bdd it to fcMi nd II ta. pinadl to link im- || bdtkl to lidt fliitoi^ iritk fm Imn to <wi7 Hnkk 




Regulator, of brass, bolted to back of fijfalM>s-«hell ; eylin- 11 gaidM, rrom which tha nsetOHf kogitudinal motion of the 
driest TaW^nad* to ntato in the duunbtr^lhangoktor, 11 nlra ii drnnd, ud th» unoant of opaning ngnUtod. 
with «ad titod to Mt; Inodk imk» in dtnr || Stoun nd UiMp^ «f copper, Now 10, W, in the 




iKMl.r. and NOb W. 0^ b tiM 
ori£ce 3| in. 



Feed-pumps : of brass, with Sf in* 
back eccentric ; bolted ui Traine. 



ftniigM woifad Igr 





CHAPTER VI. 

T.iOIlT TaSK-L<w70M<:.TIVES. 

I, LocowoTivK Mini OnsiDE (;ri.iNiitiKS asd Six Ik- 
DEmrDBNT \\'iu:f:um BY HoBERT SiXOLAtB, QntauUW,— 
PlATM XXIV., XXV., XXVI. 



Area of gn\c 

Diameter of ri'lioder, ... 

Stroke of |>iiton 

Dianeler of driiiag wbed. 



. ... O'S BODarc feet, 
... 0 iucne*. 

M. B ftel 1 Isch. 
.. ... Ufcst. 

Gtneral Arrrtiwniuuf. Ordinary iKiikr. rvIin.I'Ts out- 

link, overhung, aiid liorizonlali eis wiieeU, of which the 



Icftdere and driver* are below tin bwrel, and the hind wbeoli 

behind the firebox. Two water-tr^tik.. one below bwrri, 
and one behind firebox. Drake apjilii il to hind wheels. 

HoiLEB. Firebox of i in. copper, (uho plate ^^ in.; 
2 ft. fi| in., b,v 3 ft. 4 in. wido inride, and 3 ft. 3 in. doep. 
8idM ami Imdc of UnIms doped iavaidi it dw nto of 1 
in n. Ihrn l of \ in. plalp, 2i ft. bv 8 ft. 7i in. long. 
Ninety-f iulii I ms tubw li in.. No. 9, \V. (}.. 8 ft. lOfin. 
long, lnjippil fiver and exj>andcd at inside of plains. Rivets 
1 in., zig-xag, 2 in. pitch. Firedmr-ring^of fanas. SmolM- 
box-plate« \ in., tnbeplate i in. 

Fl.AMi;, F<i-ir Imi^ituiHiiaU Ci by 1 in.; outer plates 

reduced to i in. boiween axlegusrds. lioond by i in. end 
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BAILTTAY ITiCODrBBT. 



)>lu(p«, M<l by (ranmm stars and an£;Ie-iron biiiJing. 
Driiring whwb 5 ft. 1 in., r.invln- w).ei-l.( \i ft. 1 in., 
uIm 6i ud S in. Spriiig» ; — one tnuMverM spring for 
diMnf aiKl2pl»te«4l in. by I ai« «kl i ia. biek |pl»t« ; 
, pUtM 3 Igr I *>• 
CijrBiidM 9 ta.lff IS in. strolw, iad«4inug 
■nd bolted to frameplatct. Valrr, 1 in. lap, iV ■». leaJ. 
tntTtl 4 ill. ; strjiniport H by I in. Plalon of bras*, packing 
liiii;!* rif cast iron. V»l*e«he«t-coT(r of wroDght iron. 
Qoiiie-b&n of cast iron. Expansion-link stationary, in two 
pieces bolted together, in box (brm. Rod* forked to take 
■tada OB link, ud nade with bolt* and tbmgai and with 
dmiM* amnr jaht to adjust length. Valv* «f hnM, rod 
]}. ill., with rivVmi ]ii:k. U-c^ulator cf brasa wUh MSiatl 
i'carin;.', iu. stean]pip«; blost-orifice 3 in. 

Feed pumps of brasa, flxid to ouisido franieplates ; rant 
li in„ workad hj cnmifaMd; eopper pipt 1^ io. Water- 
taMli»«(iiD.ptalt. 

Brska: t«o parallel ban eanyiog tlw VMu, wwked 
by lever* and ecrew-motion at fiiotplate. 



wiin Udisiob CruvpcBS avp Six 
T Jon V. -Ooooii, LiMwosi.— 



Doh dinu dob 
]>Rb hW dft, 

1M ladiM ia waking order, 



11. Locomotive 

IhPBPESI'BST \V 

PUTi XXVII. 

Ana et gntg 0-41 square feci. 

Diameter of oTliwIeT. ... .. ti lacfais. 

Slmltf L.( pliiiin tS do. 

T>isin«t«r of ilriring wlwel 6 CmI 8 inctiea. 

Wfaect-baseb ... .„ ... 14 t«ec 

1 00 Ised'ec wbeeK "1 tO"'> 

... f» io. 
n da. 

■ Wfjiaa. 

OrdiDary boiler, cylinddf oat' 
tide, and indined to overhang and clear the leadiii|> wbeeb ; 
, of wUah tita driran an be&m tba Crrtm ( tiro 
tha tami and ona behind the fire- 
kui aok^hac baUnd. Drake* applied to hind wheels. 

Bouw. Finbos S ft. Si in. by 3 ft. lui in. lull;:, anil 
8 (t. II in. deep, with midfeiather of i in. copper, with i in. 
tahepUle. Shall of i in. pUta. Barrel 8 ft. 8 in. by 10 fi. 
kiig,of|h>.plataa: mtalMaliin.4MMda.IfN. ISaad 16 
W.O,lQft,Sfiii.laagiain^pdtowtieatmn,at si in. 
eortnn Saftty-nlMi : ana bfiMilw 8i in. diameter, and 
one prescure-indiealar tha una aain J. V. Oaaah^oidhiary 
paaeenger-en^na. 

Ftam. Foar lonptadinab fnm end to Md, inner 
plataa i in., airtir plain i in„ esttpt between metion- 
bnokala and Mas-bMokata, t in. tUak. Sttfanad at in- 
tervals with aigia-lmi,awl bmid tnammly bjr baiolieta, 
and by I in. end platea. 

EllOINr. Cvliililcri) 12 in. by 22 in. strok-. V.i"ivi -tice 
laaad witli steel. .Steain-ports 11 by 1^ in. \'alvi.'« I in. 
kph 'A' in. lead, and 4 in. tnvel, made with l>ack eliding 
ptato with anondaij inlet apMrnifc to iaoilttoto tha admis- 
aian af lha atnm. Sntiaaanr Gak-nHtiaa. with afotted 
link connected behind. Itegulator placed in the aniDkeNix. 
with threv-p^rted ilidint; valro and face. Steampipc 4i in. 
in boiler, extending the whole length and minutely perforated 
on Bpp«r enriaw to raeeiT* th* *i«aai. Blast-ori&o* 4 in. 

F«ad-punp ftnd m frool *( fnbai, mtlBid by rad 



fVom back eceentrle-itrap. Peed-pipe 1} in. Watei^titnk* 
of iV iu. plate. Bla»C'pipe fitted with v;iKi) and copper 
)<i2i« ii-iuling into tank, iliroogh which i>arl of esUaiut 
stfaiii may ba blown bn^tn bent (ha IM^siar an ittwaj 
to the pampa. 

Biaka. compoaed of t«w panIM ban carrying Uoeka to 
embraoB the hiud wheels and mikad by lann and aemr- 

motion fmin footplate. 

Hi. LoOOMCfTIVB WITH Oi;T»tDE CYLiSOBHa JUtt) Fol'X 

IvDDmanr WneELs, sr Robert STRPaamail jMt Oou, 
N«ir(iA«n»oii-'rTSE.— Platb XXVIII. 



Area of grale, 

Diameter of cjliwler. 

Stroke of piston 

DiaoMWr vi Anting •heel. 



about 7 ><t<wre tet, 
II iocbaa. 

18 do. 

• fML 

tOtatdiaabM 

ftiihaUe wetght in vorking order, ... ISMaS^ 
(of which ttv>..il',in!s limy l« vn the dririnj; ada.) 

Gtntral Arrti.W'MiHi- Urdinary boiler, eyltodcra oat- 
side, horiiniiul, ainl placed Uliiml th>- leadin;; wheels; 
foor wheels, of which the dri«er« are in front of firebox, 
and tha leaden mder th* emokebox. 

Bonn. FinbaiMlHU S ft. Hi in. laag^ 8 ik. 7i in. 
wide, outaide. BamI 9 ft. diam., ontttde, 11 ft. 4 fn. ton^, 
115 \'\hii ]l ill. iliaiii., i m. clear, about 11 ft. 7 in. luti.'. 

Fbamb: two longituJinaU 7 by 1 iu. tiuck, witli 
guards: trussed with ban 3 by 1 in. ronnectin:; tbo 
•ode of (ram* with tha rad* of th* azliigBarda. Bomd 
tramvenely with «nd bwn* and baihr-alaya. Ltadtaf 
wheel* 3 ft. 1 in. diam. 

KsiatxE. Cylinders 11 in. by 18 in. str«k^ boltad mth 

to the framf-aid-.s .iri,l truss bar*. PittOM and 
packini; of bnws, with t.vn jiairs of guideban to eadi. 
Drivin*; wh«tl« 5 ft. 

WatcMankii ona aoder barrel, and on* b«hind firebox. 
Cukthma *■ batf lata «* aidM of flnhai. 

Bnka appHad to diifiat r 



OHAPTBH TII. 
8ii»N!r DarAiia. 

Tuts chapter ia tO ba devoted to the exhibition of detaiU 
not comprised in the Ibregoing Bolecliou of example* : yet 
worthy of being placed on record. 
Boiltrt. Supheaaon, until lately, mad* his firebox- 



abell witli a vaulted roof, forrm d ui' tlie four Literal plate* 
continnedti^wring upward* and closed and eeamed tt^lber; 
feimiag • «apaeiaBa ttaam-diambor. 8aa Fig. U. 
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IfackwwUi and Baddkam Iha Inafaes md ahaU at 
baMnmidiapfieaof |ilat*dmibMiipaadrifatMdtollw 
1 oatar platM Mparatd/. Fig. S84. 
•I Orawe, kaa inada tha nialiiba te 
Mfam tlM«u«Jbrtliabghibai 




«alra with s 
J. P. Bodmo, 



atatani luuimr 



baaringtlilwD. GaaakV. 
«hai 




attlianuiUlaan)l(lMaiuia,Fic.S87. ]lab«la«i,Qlaigaw, 
octanda tha trdMHt raelnbatothabaeltplataortliaihallto 

which tli«j are b<-<lt> <! T).' nl-M rxtrndj the two outw rib* 
inw»rdl;r and rivcla them to lUe barrel. Fig. 288. 

B»iter^day$. SUphenton prodaeea the plst» of tiic 
firWx«-diaU, latanl^, Ainniqg wiap by wbieh it ia boluxi 
to tW ftwH ip hm uA dww|iht» V(k.»S. 

A afnglaftiiDg for flat W framing;, F^.SM,haibeenu(«d, 
In which a plata ia ritattad to tha firebox-abtll. with anngi 
(ictwemi whidi lha tnmku ia find • wtar aeitvad to 
lh» plate. 

IknaMwaiid<Mi,Firiik makalhaaality* 



and redoaia tha bearing to a nara lina, Uka tha odd tact of 
two ringa of abaalar Mction. Fig. Sfl9. 

WaUr-ffem}m. 3. F. BMhvM um ft t hi. '*krtl«n- 
valva," Fig. 290. with spiodia and head which it ia epanad 
liyhaDd. 

Jiioic - off tale*. Bu Ill- 
Ten propoaee larga diac valvea. 
Fig. S91, lika innalod aaA^ 
valvaa^ fan plaea of tho aaul 

rocki, (0 b« openad by a aait- 

.ible lerer, Had to give » free 

Fnm*. Barj ti Co. have followed oat in Uicir latcet 
tha 1^ af AaoM ori gt an i ad hg Hum, mm/mi 





of bar iron, flat and round, forged Aii<i ^inucd (u^jellier. unl 
niftde with inside bearinse for the nxlei, F^. ia the 
iiama of thair latait pHaangar^ngina. 

Adaaa and oihiiB aaa fiat phto fnaaiag; raaamUing 
BQr,v** in deaign, in m far aj the prhicipal firomeplate it 
atroogl; tmiaad b/ tha goardplatea, and haaad with atnng 




tiie side frame of one plate 2S in. deep. See Jiagram-piale 6, 

No. .se. 

Sfri*^ On tha Ljona Bailway, tha liiiMl asia ia fittad 
with ana tnaMiant ipilag. owitaUad hgr tha butt la dia 

frame, and tp«nning tlie axleboses. Fig. S93. 

Wktdt. Burr, in hit esr1ie«t engines, and for many 
years, nied awheel »ith muiitl jtpiilM.'n ami ritn of wraogbt 
iron, and east nave. The spokea and nave were tamed anU 
bored to fit. aodhtgrad «p: AaapolaafaMUalagoataiidfn 
alternately. 

Stephaiiaaa, aanaa yaan nada Ma whada of rih4mi 

naM r«.>it. 



ban joining tiie cxtrcinitiw, verv ilrsTi-n iil tiom llitnsy 
roda aou.'klly a]>plie<l: making a compound frame of prvat 
atNBglh aod depth to oompnaa all tha asla-bcariage. Sin- 
w aaaw oljaatia hia gogd»«igfaHa I9 1 



bent in eegmenta to form tha 
caat nav^ F^. X94. 
Bk ThanitaB 



UJll 



thariaa,witha 
on tha Haith 
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luiLWAT luctnRBmr. 



British Uailway, with flat spokra, placed altcniBtdy pMUcI 
•nd at right Mglei to th« plane of the wbed, to IW^ it 
ftthtUj rigid uodar Um ihriBkag* of tht tjra. 

awdl«*i» HawtbimUBdia* jtm«rtuM*<nnlu 
villi nvMi^jhl Imii 
k(W(M thnmk OB; 
Fi-. 29 r>. 

Ciflindert. Ilary 
ft 0>.| in their latest 
dt^gUiboUtlwi^liii* 
tagithar nd 
with fl«oj:r« to the 
frame, and incline the 
Yllw- fs'^oB upwanis 
•ad ontwarda, to find 
toom for th« valrea, *^ cjiiihii. 

•nd to ■fford conruiiutt MBin. Fig. 296. 

th« eylinden M tkt top of the 
fitted between tfu|hlM iDtmiog 




tiitit 




tlir iiiitslili' fraii)'>jilal«\ Mi Li/ltcJ to tliein. Tlio Talre- 
cbeat is on tli« tup of the cvlindt-r. Vig. 297, and No. 22, 
A|giMi.|date 7. 

Qrmmtoet, for tke ejrliadin, A cooniiiMit form ie 
iiMdt; Sinclair. F%.tgA. Ukainihr 

P i l km t. Variou* plana of paekiog 
rings are shown in Fig*. 300—302, in 
all of which the ateel spring it carried 
cDtirel/ round tlip piston. Fig. 299 
abwn a form of ipring foruMriy tued. 
Hdiwl packing, in oDepiaea coliid ftnr 

I round the piitan, kai tim btw employed, Fig. 909 
tie-M*. n|. no. 





Crasiiauh. StephalMon haa need n slnijili' furru. Fig. 304. 
requiring bat one pair of guida-ban, to work witli a Ibriiad 
;nd. Tilkud Lijr, WkitdHnin,fittlM< 



head with bush-meta! faces, removable when worn, and 
eaaily replaeed. llackmnth fixee tbt iBd« an tha apOM> 
head witli Uppad bolla, SOS. 



Da an. 





M. PoloDCCao, Pariaa fixes the busli in tlui cros.'ihraii. and 

tbapfaiinthaaMMatiiig-rod end. Fig. 3<)G. 

i)(.Mb GaUt-bm. M. fianwit, 

Paria, fteaa the gvido-Iian nfth 

rteel plate?, fixed tvith AmIi* 
"i headed bi>it« aii l i)ul«, 

Siiii'lair nK\i,i':< llif ;;iii.lcliur» 

aod the alidas of caat iron, and iaatena the guidebart with 
olipaandMtMNintotbtc^iBidtManr, F%;10T. 
i».«a 



II' 

neAcil ratsn'parllDf. 




n 




GMmnfi'/r; r<''!/. VarioM |lan( hair irii"!, fnr 

ig tli« cutlers from tht annlc-ends, Ui rtniuc« lliv 



(UiL trob UmitJmr. and ,i, 

oUaranea raqairod for iaaida owilta. Fig. 3U8 ebowa the 
ndiiMdCHrtlMcniiliead,Fig.M«. Mnn|dUNj%Fif.S(Nk 
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baa th* ttnp dowtUed and screwed to the butt, and a set 
acraw Uppad into Iba lattar, with a eapatan^aadbaaring on 
• ataal i^atoartiltotliabaah. Hawthorn, Fig. 310, raliaa 
npon tongitodiml btllii. Sharp, Fig.311, in hia lank'Ci^Da 






•■all and of 



ojlindaia appUea a wedga tnuarantljp is the 
lUaan na H l i^Bri. R BayaoUa iotradocad 



on the Eastern Counties Railway, a form of large end for 
inaida cranks. Fig. 3 1 2, in which the butt embraces the bodm 
on thtaa lUm, Uuing tha lower li Je (a ha daaad hj a itaap 





flxad with Mta aaif anta: the . j ^:t being to ihmr 
the acli-Mi iTinitilv «ii crtf' ]iif.-i- oi riic(;il. Fig. S13t ai • 
*mall eml, liu been much used bjr Steptienson. 

FoiM-^rar. In the earlier deeigni of tha Orawa engine, 
tha nlTa-iod link ia pioaad to an «8aat aja an tha aookat 
ofthand. Fig'SM. Buy * da. hrida tha aBda^valaaa at ' 
io Fig. 315, to rait their plan of e^lindera. Fig«. SI6, 317 
(how model of clearing the axles when in the way of the gear- 
in;,'. UaL'kttiirth <nes what he calls a ■ px^s jvi r'" ?alvc, witli 
tno bai'9 across the exhaust caTitjr to work over a doable 
exhauit port, with the view of proTtOting a premature 
Mcapa of ataan, and alao of "pwalng »*ar" tl 
steam fiwn ana and of the «grliadir to dn olhir. 






Dary & Co. aae » danUa djac^valva, workail 



Paay*. Fig. S20 ahowa a rKqutot focm of ahort^tnika 
Rga. Sn nd Sit an bnyotnka pompi hj Bad- 
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Adaumad FbdMt, Fttrb; latlMVMirrfiilMi«w»i« j 
taluB to proTide » (Moitteair in tiweiuHiilwr. Hoin- | 





Fig. ai9. 



SUB-SEOnON IT. 

JsaKava or ookstbvction. 

LmnilMi, itniigth, teiUlity, and Meeuibilitr. »re tke 
Iradteg Mmtlfuetivt qvilHta ofwelMMigncd «ngine«. To | 

meet tlipse objwn, dire. tri---i cf r.,irii>M'tl'iii. anil simpli- 
c\^\ of arraagement and construction, are indispfnsabl*'. 
" N»xl lo a gtrad boiler,"^ mti Mr. Buijr, "which goTernii I 
tlw ««iaoiiij of fncl, tli* mott iinpwtnt |idat in th» wm- 
•tmetim of k l«cNialiT«, fa to caoBMl sD At paito tinly 
togiilisr ij • ■tno^r aod wtll-amiig«d frHniog, m tint 
tticy (hall ntain their i«1atiTe |KiaitMn» when the engine h 
in motion, and that it iliall rcc^'ive an ! ticur tiie <iirain and , 
the coiicnssions to whicli own- part is eu'ojcct." These 
jwk mnarkf afiply with equal furce to erery detail of the 
Emjr Mtain •boold b« tonnaaiealtd ud neeivwl 
AMdjr.tgrtlwainiiibrtwaihUamMn. SbipUdtj fieili- 
tatc* idao th« nimtaaliMi of ih» mMfaine. giving freedom ' 
of aemi |« til iu partt, and adwittlug of their ready di«- ,1 

MnbinMBt far Mmooao of Moair. Ir 



It ia of importane*. alto, that the proper fuuctions of 
the boilar, tha.igiiia, and tho aniiyb <lieyid ba alaarijr da- 
tinguiahad, and tbat theia thna atenunta, tlioagh nadt to 

tit tLiirt-tlicr witli ]Tifi>.-. nicety. ^litiuM ho an di-itinct M 
poNible, and abould, io action, be quito independent of each 
•thar. 



CHAPTER I. 

A.N'Ai^>>tT or THE I'xnsr.. 

The elieii of tlie builir is usiirilly made of Yorkihiro, 
Staflbrdshire, or Lowniooi- |iUti*. Tlie Litli^r. tliou;;!! tlie 
moat eoilly, ii the moat tenacious and the mott eaaily 
wnofjtA. Tlie thickneaa rarieg from i in. for the einallrr 
dimatanof b««lto4i«.fin- tho kigar, nialy wt aad ia y 
4 faat » IR. inaidak Mr. Faltliaira Inda tbat boilap-plate 
bear* a tetxile aUafa af SS t'm" pnr .njiiare inch li'f'ire 
mptare ; whidl ia ndlMOd to 10 ions |«t iiioli wlien dr.ulle- 
rivattad jofaita iatar«wa,and to 13 lona. or about r>o.o(M) ]W 
tot atBglaaiTattad jaurta. Tba bontii^ atnun nn a 4 feet 
bwial ndar atom afSIO Ua. par iiMh ia48 tinaa 800 Ibi.. 
•r9600lbi.parinaboflaiiglti; iTtlwmatal ha f ia. thkk, 
a 1en>!th of 8 -^3=!:} in., la oecataarr lo inako a 
pf|iiari' iiidi rf 5,.-i-t on ; on whicli tliP prrMure is therefore 
9t<UU X = £o,t;ou lbs. p«raqaar« inch. Thi* is notan an> 
common pressure in practice, and it approaches the a lti a iato 
atiangth of ain£la>ri*atlad plataa. To iBC t aaat tlw n a hH i n a 
to axploaion. tha platoa of (be banal afaadd bnak jaint, 
and thould l>e nutde in moderate widtfaa. Tiia platoa an 
equally atmni; jai^llpl to and acroaa the grain. The Jolnta 
are eillier l.ip or jump-i'.iiiit> ; in tlic fonniT cue tli" [iliti-s 
lap 2 in. for single rirettiog; in the latter case 4 in. welts 
MO spiled at the aMBM, and i»d wUh two eoursa* of 
rireta, tad tha plate* are, or ongbt to ba^ planed at tha 
edj:ea. Tha rivetling it usually tinglo; bat Ibr atrangth it 
•lionld Ix! double, in a lijj-raj; eour^p, as in D. Oiwch's boiler. 
Ilirets are usually } in. diam.. and placed at li in. pitcti ; 
Oooch make* them i in. at li in. pitch. The rirct-lioU-s 
shoaU ba aligbtly widened on both tidea, aa in Sharp** 
boiler. Tha barrel ia nmally joinad with 3 ia. a^flo-fam 
totliaaMltabgsaadinbaK; HaAwarfh tania ia^pa as 
tha endi of tba banal ; bat fcr tbia thara alioatd not in 
peneral be any necesiity. and it is advisable' only nlien 
the boiler it eooTerled into a frame, as in D. Gooch'a tank- 
locomotire, md aiada to jm «ho atniaa af th* aB|iaa 
thnragk it. 

In th* irabos-ahall. th* fmat and bnaicptatoatra jaiaad 

to th* olliara mth*r by 8 in. angla-iroo. or by flange* 
tuniad on them to a 4 or 5 in. radiiu; tba fonnar ia tha 
simpler process, thf latter is tha mta •oaanhiad fa tha 
plan mo*l generally followed. 

The manholes are made with neckings formed of usually 
Ihioitar aiaUl than that of tha boiler, and flangad to joiiii 
dm boHir t thty ara ptanad aa tlia appar flanga to raaaiw 
the cover or the dome. The dome is usually worked not nf 
on* sheet with a aphcrieal top; or finiabed with a dished 
oortr of plau or eaat ins, baltad «n. 
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JFirtiot and Tubm. Finboict we tlmost unireraally of 
coppat'flatiMi Inm, lim^ it annnra for Am«rican 
iPVMttelBiagMliiMt^doM aetiinr wtll under the inlenM 
hatt sf aolto ud ceal: Himt, thoagh tlighi, be«ouie 
inflamed ; »nd the meul bltiters and burns off. Iron i« 
alto more liable than copper to leak at the lubes, to be 
IranMd aoray and raptured at thick lap-jointa : at the jointa 
«f midfeiitlwn witli tb* sidM, for Mcaiapl*, and M places 
«lur* itoMii nd acdimml aoUtet, w ito pannr «r coBduet- 
in; hMkt !• iDfcrior t« thai of copper. Zanb Col bum, 
America, find* that thin iron it leea liable to blisUir than 
tliii'k iiMil ; wl:;lf' irrti iiiL'box^a ■if i iiioli plate Iccoiiic 
badlj blistered alter a short, wear, i inch iron, on tlte 
tam line, wenre extremely well. lu tabepUtee, iron ia 
paitualarty dtlciaat, aa tha ciawdi^g of tabia^ and the 
amaU atiaiaaaa Iwlvara thtni, wMkaaa tha matal, and, iu 
connection with the upright poeition of the plate, eauiM 
an accumulation of ateam in front. Copper does belter; 
tvA. cvcti \y'\i\i oopper, the plates oecaaionally open across 
the tubi.'-iii II'^, by rioleiit alternations of heat and cold, 
vban th« elcsranee is less than i in. The detenliou of 
fltoan abovl tha tul""< if< profad by lha ootaiioiial bu^g 
inwards of <1w tnl'<'|i':i'->' joat bslew tha tataa, dna to 

ovitLi it!ii^ rii:il M ^f|•. Pat-ili, of tljf T\iM.> 
l»urj;Ii auJ (iia^gaw ILiilway, f©ci/iiiiin;iids, luc ec-autinjy, 
tnbeplates of copper, and the others of iron. Firebox- 
platss ar« made ^ in. to i in. thick, and | to i in. at the 
tahia ; AQan and ethon make tha tnbeplate | in. thick 
thiaaghoat, to oailit In nalatbg tha vt^baaiiig affaci t£ 
vrerbeating just nanttoDad. Fliiigaa ara tonad imHj 
square on the front and bock plain, and lapped S in. undi^r 
the top and sides ; fixed with | in. rivets at 1} in. pitch. 
Tb» tubes may be of brass or iron, aopper too soft ; 
htaaa ia battsr than iraa, aa it aondaeta tha hnt bsttar, 
nitaia tha nhiaalta actlaai «f aaaal «4m laMt, tai tha 
actko of impara water outside better, springs mart easily 
ander extra expansion by heat than iron, and is not so | 
liii'.ilL' tit coiniv.ffcially aUo, brass tubes ai* .n ^i.f il ;xt 
iron, as Uiey fetch half of their orij^inal value aa o'A metal, 
whM daM with. Tubes are usually fixed in the plates by ; 
widtaipg with n nandril to fiU the hoiaa complstoly, taming 
Qtw thair Tntrading anda vpon tha plalaa, and dinahin; 
than with ferules or thimbles of stoel at the firebox, and 
fion Bt the imokeliox, i to A iu. thi«k, and 1 in. long. 
Sit i'l i« t io 'oii^ltivo to heat riml i- :>1 i. ami is now nearly 
di*u«.<iJ, i\s It, iosreasea leakage ; wrouglit iron is most com- 
niOD, and, within the last few years, Mr. D. Gooch has used | 
aai^inn iarolaa with advantage, and eontiniiM to nee them. 
MaeUa Brothan. Alloa. Iiara oaed «opip» feralaa in upright 

tubes puMi v?fii"v. i.tti'T^ f.i''i;,I. Furulns at the 

smokebcix euJ ar* ffSKjaeml^' uuiiUtnl, mid witii benefit; ae j 
the tubes do without them, and a free pxioa^ is c'lrtn for 
small coke and dust into tttaanwlMlMHt. Starrooklapeia Ui« | 
thickness of the firabas Cinlaa iiiwaidai thna all inpfMrti- 
«abl«|UMaaaf aakaniialaMf atthnantaaaa. Fbralcs are 
aouetimeaaiaHtadatthallnbai. AHaa'a method of expand- 
ing the tubes just within the plates, as «h<ri mi "n, lli • "Crewe" 
engine, gives elasticity lengtliwi»e, and is uf grwil beneCU 
Ferules should be plain cylinders, not ilanged, sli);lit1y 
tapir, and ihonM, whan drivan, ba laft with i in. pt«j««tion 



into the firebox, so that they may b» tightened by & tap 
from the end of a pinch should the tabes spring n laak OH 
the road. Tubes above 12 laat long ara aMBSiimi ynfpad 
at mid-length with a perforated tnnafanaplata in tha imrralt 
this is nnnecessory, as the tubes are stiff enough without it, 
and are, in fact, floated in the water; the partition, also, is 
likely to injure the circulation of water, wlicn the water is 
delivarad to tha boilar, aa it a^ght to ba, in tha fota part of 
thebatrd. Tlw4hidna«aa«irtabianriaabatwa«aN9.9aad 
Ko. 14 Win Oam«, «r Mfy i kh and two-thirds of i in. 
They are eithar af equal thidtotaa throughout, of No. 13 or 
1+ \V. G.. .ir are of tapering thickn^^■!■. fmiii No. 9 at tha 
lirvbox to Hit. 14 at the emokebox. Tul>ii& wear onequally 
on the inside, and mostly al the firebox end : in a tube 100 
inehaa lo^g, and ori^inalfy «f aqnal thiokniat, tha iiat, 
second, and hat KMadt langiha wa|ghad, aftir n pariad af 
service, respectively Il°7'% 15, and ISR ounces, showing 
that in the first foot of length mnch the greatest wear takes 
place. The first foot should therefore, <\s iu All.^n'ti. utui in 
Gooch's boilers, be of No. 9 Or No. 10 W. G. in thickness, 
tapering uniformly to No. H at the smokebox. The crown 
of tha flraboK ahaidd, in all caiai, ba pnfNt^ flat, and tha 
appar row of tnbaa ihonid b« aalerad aa near tha top aa 

pr-rs^Mf : (hi^v yjiiT.iij ilii 3 B.iffty- valve in rosi-s of l iw 
water, as they will givewiy before the firebox, if uiicovcMsl. 
Bury's old fireboxes with vaaltcd crowns or C inches 
aiwea the tnbaa, wore troafalaaome in this respect. A fu«ib[« 
plag af laad, or of a aonponad matal which malt* ti, tha 
iaaiataDipantnn,iiaauallf ouawadinto thaennnof tha 
fiiabox ; 10 thai dmdd tha watar gat too low, and tha 
crown bii overheated, the plog will melt out, and give warn- 
ing by the discliarge of steam. Pings are not to be 
depended on, as they become incmsted, and don't operate, 
and tond lathar t» daeaivak Tha Ixabox ia aureandad bf 
n wa t atapoaa aa aHl aUaa, S ta 9i la. wida, and widtnlng 
upwards, by the slope of the firebox, to 3 or 4 in., for tha 
free disengagement and ascent of steam. Sinclair slopes 
oat ll.o wi»ti;t.-]ai'c ill his l;ii;V.-fn;iiio froin Ij in. at bottom 
to 0 ot 7 III. at top, at tiie liite of 1 in 1 1. Im some boileia 
the walls of the firebox are vertical, and the space uniform. 
XiHf ahonid in oU aaita ha alapad, and Taij eon^datafaly 
aa, aviR aa nrodi aa Id SladaiA boilar, aa tha laia af haating 
surface ly »o doing is trifling, and the gain in free circula- 
tion <L'i.Tl.uiu , for it is known that nnder the doorway and 
the tabes, and nt llm In n 1 of U'i ift'atlic.-s, nh-re the steam 
is detained, the wear of tiie firebox is greatest, owing donbt- 
Icai to overheating and slow oombustion af tha metal. The 
spaoe asnally allowed is altagathar too n^nmr ; it ahonld 
be, where practicable, 4 Id. at bottom, aa in tha aarlleit 
boilers, to allow i r tli<i tonm ti n. of sediment, and expe- 
rience has provti ihs !U]ji.iiL.r durability of fireboxee so 
arrai>g«d. Midfealhers ehoald be at least 4 in. wide, 
with sloping aides; 0 in. wooid piobaUy be still better, 
to bahneatha diaadtant^gaaf poaitian. The aidM of tha 
firebox at the junction « ith the tnidfsathsr ahadd nat ha 
entirely cut through, aa they aro thna Ooadlaidj waakioad; 
but they shouM )>ii frc 1 pierced, and have numerous 
openings a« in tlie i^phynx, and cut away partioaiarly at 
the extreme top and bottum of the junction, ta pnnat OOjr 
lodlgnMBt for ataan abova or acdinant bsiow. 

St 



Digitized by Google 



S2« 



MILWAT lUCHDIZRT. 



TbtlnW ii joined to tin rinll at Ibe bottom, in Tariooa 

«ay«. The simplest and mosl direct m«th(Hl is to insert an 
iron bar betveen the jtlates, made in one frame and well 
fitted in, and riretted with i in. rivets at If in. pitch. The 
ngnlar pit«h of tlio mtU, it is plain, cannot bo jtMsamd at 
tb* tmumtt tha iMbw « at ia tuning ibaaaniir thi pHch 
matt bo inenuod eot*id« tbo ditll, and ndooed inaido the 
firebox. The comers are ihua found to be the weakest 
point*, and tl.i- nio'^t sabject to leakage .1*. the r.v:;? ; nii i 
partially to meel this diffieultv, Allan setii oal the bottom 
of tbo finbox all round, br half-an-incb, reducing the inter- 
val bom a 21^ inch waltnpaM to 2 incbta ; and IbmM tho 
jnnctiw with a S inch iqiian bar. With tbo WM olgottt 
probably, Dury reduce* the space to 1^ inch. By the 
rednction of the interval, shorter rivets, also, are available ; 
and in ill ca^cn. fliorlor rivets nnkc ti'^liti.r juinta than 
longer rivets. Otc i- ' ti-illy, Uitr Sri'box M »et ont to (on^h 
tlie i«li«ll, and a plu ii rivet-joint i« made, as in D, iic kU's 
boiler, and accordiog to old-eatabliab«d praotice. Tbi* 
plan no doubt Bnkto die tightest and atniiigMt jimelkn, 
but it gives a narrniT und a v^.vsrd lodgment for mud, aiid 
rixlucos the useful dvptii <A tlio firebox, which is objMtion- 
able. The advantages of short rivetting, at>d regular piteh- 
iug, are also obtaiuc<l by making a binding of angle-iron, 
oither in two pieces riretted togethef and aapamlely to the 
box and ^li- ". i r rolltd in 000 piato of mtuipaM-angJainHi, 
as empl v 0 i h\ Faiibwrn and othan. Bnt, tn thawnedoa, 
when inside rivet-beads break off, they are diHicull U> repair; 
the angle iron frames are a1»o weak at the oomers, where 
the iron i« necessarily cut, b«nt, and subjected to welding : 
thorn «0RMn haTo alwajw pnmd nneortain. In oasca 
whar* fcpah* «f tha Snibax hnva to ba nad^ nqotring 
acana to tbovnltiapae^ tha MSMval of paii «t ttoavgU* 
iron ia itihor a aoriova nutttar; wboma, whm th« hiiHiing 
consists of a plain bar, part of the !>3r may be cut out ivitli 
great facility, hy the aid of the common drill, and rcj.l^'cii 
by a new piece as in Fig. 3S3, ^ 
•bowing tbo jonetion in plan, UAmi:£± 
^fanttinfthainnrtadplM^ j 1 1 q^- ; , —71 : : 
a. tvith (onguot to lot into tho [^^^^y^^a^J^p^^ 
adjoining part* of the bar, ' 

they may be thoroughly rivf'.te ! ; ari l, a? jiarl> rirc 
strong, the seams may be easily ntnl aviiurcly oilkcJ. An 
respects phin, construction, and repair, then, the plain bar 
hai adfantago o( othor nwdeo of joining th« £nhox; 
and a breadth of S huhea aeamo to ho tho baat. 

Waterspaee-aiigleirona have been in oomo OMoo sobati- 
tated by castings of brass, in which of course the binding 
is equally strong at the i nnii ri an I » les. 

The diKinrtiy i» mii i'! Willi a ring usually of wrought 
.tnB,aonietiii:' H i.f-fA both sides to fit between the 
box and the altell, and fixed with nvoti. Tha intida plato 
ia aonethnoo partially ael eat to ndnea tbo tbiekneea of 
ring, li-at it i^ litter flat, a» the steam below e»«ape» more 
fratly. Sii^cliir uses a brass ring for his tank-encine, with 
flanges, as the waterspace is very wide. 

The firedoor is usually of ^ or i in. plali', uiimIv tu lap 
I in. on tlie doorway. It ia ablaldad by an inside plate 
riTottod to it at «n meh or torn apart. Allan meloeee tho 
iatonol all Mrand, petfiuaMa the ifalald vith amaU boboi 



and milei firar 1 fneb bole* !u tbo door, for tho adnieeion 

aii.l iliitr!l>ntion air into tlic firel-!ix. Tl.'s plan is useful 
iu burntug coal, ukicli rc'tjuire'S tor ii^ complete eombuetioa 
an addition of fresh air abore the grate; but the apertures 
ahonJd boooatnlledby vatree. It eoomt better to diapenea 
with the ^i^laha in thadeor. «d to cpio tha dear llaelf 
more or loee, hi tho cnatonuuy mannor, vim freeh air ia 
required. The doorway should be placed low In the firtbox, 
*ii;;h t1..ii tlif> tliri'sliuM ho levil, 'tr ncnrly so, with the 
uppor surfMu of the idd wlien fully etiarged : 18 to SI' 
inches above the grate. The air thus admitted at the level 
of tho fuel, oiiee rooet direetl/ and effeetaall; with tho 
eeaabnatiblo gaaea, and to laeo likal^ to flawam hito tha 
tabes, and i^it th>in kahittg; it will alio lw»o Ian fleet 
in roducin.' tl pn sstire of tho steam. 

/j,.,;,v S.'.iyA ofBtUUr. Till- );r. f"H being fiat-siJ. I. ij 
of a weak furtn, and is staye\i ur stilk'ncd at all points. The 
strength of copper, under the circumstance*, is not worth con- 
iidoriag,and it ia beet not to dopand upon it at all for laiga 
anriheea. TbowalbefthelMboKanmiitedtotboehellat 
Si to 4J inch iDterva]^ vertically and liorizontnllv. l y rows of 
} to I in. copper or iron bolls, screwed into bo'.U tiie box 
;iM 1 ihi- .Hl,rU, liv, It'll ivpf on the outside to fix theui 
and give rxira hold, with a cap-headed or conical fioiah. 
Copper bolts are more easily unscrewed than iron, M fana 
mala into inn, and ara ao ftr prafiiiable when thegr la^tira 
to ho uhen ont for repair. For thla ebjeet, the lower rowa 
are in some cttscs formed with equant ends projecting into 
the firebox, which serve also to shield tho midfealbers 
and other parts exposed to the violence of fuel thrown in. 
D. Gooch screw* atad^wlla in addition into tho midfeathen 
for tbia porpooe. Tranaveree midfaatheti are thoparto meet 
liable to oraiheating, aa thay aia In tha body ef the foel, 
and are nnfitToarably placed for dMulatfam ; their ttay-bolu 
siieiild lie at shorter intervals than in the walls of the fire- 
l>*<x. The crown of the firebox is stilTeued by parallel 
wrought-iron ribs, running fore and aft, about ii iu. apart 
eenttce, and in. tbidt by 4^ m, h^. Thie •eetiem and 
diataDca apart ara anflelent for HieboMa S) to 4 It long', 
under 190 Iba. «t«am. D. Oooch make* the ribs H in. apart, 
€i in. at middle, tapering to 4^ in. at ends, and I in. thick, 
for a 4 ft. It in. firebox. The- 1 il.n arr-, l.v ^nm'j. mn h:- lio-alplo, 
in two thicknesses rivetted to^ttiier, aud iuthcitiitlv n|.:u t 
■i' a'liiul the bolts between them; in these the klxjar «f 
fontttO£ tbo botl-ojree t* saved. When the ribo are of 
toper depth, they abodd bo lodnoed by steps, to giva a 
«qnafa hearing for the bolts. They ahoul i ^tau 1 i in. dear 
of tho erownplate to let the water Ix'^ . v tli' ui mA prevent 
overheating, with bear tiL,'; at tbi - Mil* which should be 
well overhung, as in the Spbynx, and nioelj'Gttod to the edges 
of the plate and to the benda of tho foontand back plat««, 
to taho off tbo (train npoB tho eaman; na^eat of thit baa 
led to aeriooa raptnm and exploaioBa. At the hoha, 
wasliera or ferules, loose or forged on the bolts or the ribs, 
are placed Irtwmin tho plate and the ribs. In take up the 
'train of r.i- iwlts. The ribs should be firmly linkod at, 
<ay f ur Jutaiit points to tho crown of the fireboz-obell, aa 
ill SjiLyiiX, to take up part of the downward ttnan an 
the latoral fixings of the fiiabox, and to atiiia tha ahetl at 
tha maahaiai tha afaall AuiM ham aagla-iMn riha rivattad 
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to it t rnrsvoiflt 1 y to receivo (1m Inki, ml to dnlfibato tib* 
benefit oftlie connsotioo. 

TIio didl, lik* tht Snbox, ia not triut«d witli mneh of 
its iulierent strength, except at the ^liiulrical pieces, — the 
barrel, and the upper part of the finhn'thell as now almost 
universally made. All the flat prts, not stayed to the 
firebox, m bound with tie-tods, of w)iicb, f«r bwmla above 
8% f««C, tliav an modlj alxHil thffim toia binding the 
extreme end ]'!.itci. iH to IJ in. diam., convniif-ir.ly ami 
equally spactd uat licivveen and over the roofiiLis, ajiJ in 
some coses additional short tie- rods between the back and 
front plates of the Biafaoc'diall, or made rnitk » landing on 
th* interior of the bwiiL KitMO b Oo. ham no throu|:h 
tie-ro,!s at all, :»nd have only two shorter i uls rrmii iU« 
back plate, and two from tlio front tubeplate, with fixings 
on tlM mum of tbe barrel ; to mtko sneiida for wfaioh their 
phUa «r» «xm thiok, — 1 in. pUtaa for the firebox, and a 
i in. tnbeplato. Tie-rods m eott«red to studs rii-vttcd to 
the plates, or pinned to double lines of anj;Io-iron rivettod 
on ; or fiaiabed with cereired ends nude op to n grwter 
diamoter, pused tiinugli tlio jdstea and &ted with nuts 
ciut^tJe inside. The second is perhajis the best plan, 
•■ as ii Uidusi:i the stratu of the rods over the pUtes. Bury 
& Co. introd'iLL- ;i fr.v lii-rcil^ between the two tubeplataa, 
at the ■aerifiica of a f' w mUs; tbia doaa aot sfpear B ieii 
■ary, a* thete Is only tin' [ reisnre due to the interapBeee of 

'.. thei tul'i [)L;tt-'5 to liu uio.t, ami this is i iru-'ei.tl v lioiio Kv ll.c 

>' tubes; the tubeplate, it is tnie, may have occasionally been 
s ohaarved to yield inwaidii h«i this nnst have arisen fiom 

cxw?«iTi» oTcrheating by tlir- lorlL'ing of steam iu frant) which 
should bo altogether prevtuttid l>y other means. 

, Grale. The bars are of wrought iron, and are made from 

i to li in. thick on the upper edge, and thinned sw^ below 
to half tlie thiekneas for the ftoer admission of air. The 
best thickness i> ■ u.- f iu., with equal iiiti.'r''|i.-jco«, as tl.e 
bar is more eatsily kept cool than when tlucki>r, aud wlieu 
(hiuDcr it is liable to twist. Fire-bars should not bethiuned 
Mow, as they require their fall thickness for strength, and 
a mail chamfer on the lower edge ts sufficient. Tbey 
Are made 3 to 4 in. uniform depth, aud sometimes deeper, 
but for spaas above 3 feet it is better to make tbsm in two 
ieagths, as in J. V. Goochli and Bni;^ •nghies, or to 
throw ar-i oss liar below them, ns in Tairl.iii :;"'. They 
are niati« wh'u ilat ends to rest uu ihn fiaiue, aiid broad 

' eiioDgh when set close, to space them oat sufficiently. The 
iiar-iiame is geoerall; oC bar-inm, about 1 x U in. deep, 

' with fbtir aides to Ke dear of rivM heads, aud propped by 

Minis |-!v.jll<-<i lo firclnix ; or, tw;> iiuj-lr-iruu b'jarers are 

> Krewed to the bottom of the firebox, as in Allan's engine ; 
sad Bo(«h«l to receive the bars, as in J. V. Gooeh's. The 
grjte should be closely fitted to the walls of the firebox, 

I paiticularly at the front, under the lubes, to prevent the 
influx of cold air unconsumed. When the bars are to be 
nonble^ it is better to put the whole grate on binges, than 
a bw ban, as thoy glue together with the ihg firnn 
impure coke; Sliarp's method of hin^rin^: anrl ilroppiti:: 
tli« grate is efficient. The bsr-aur^tce ehould be a few 
iadm above the hotton of the vrntafaptee, to leave aedi- 
luent at rest. 

AUhpan and Damftr. Xha adifm Is of i io. plate. 



I framed with .niclo-iron, ami flat iron rounJ the upper fJL.'c. 
It should be at least 10 In. deep, to admit a sufficiency of 
^r, and to held a qvaatitj of ashes without choking tha 
draught and bumfaig the bars. It sliould be closely fitted to 
the bottom of the firebox, as even a \ in. chink weakens the 
draught, and destroys the action of the damper when air is to 
be oielBded. Neveitbelsae, roanj engiaeera are vei^ care- 
leaa about the aslipan, and loaa sight of its meat useful 
function. It it not merely to eolleet .ishee and stmy c'n- 
ders, nor even to concentrate the Jraaglit alone, but iu,iitily 
to supply a means of nicely regulating the nipply uf air to 
the fomase, bjr the aid of the damper. Iho damper ia a 
flat plate fitted aeeoratelj and hinged to the antraaee of the 
pan, and wcrkeil by a liainlli- n.\ tlie footplate ; it is designed 
to close the ashpan entirely and stop the draught, or to vary 
thednagiitbyvaryhigtheepeDiiig,«trefaired. Assuficient 
air mar leak through a very narrow opening to burn and 
waste the fuel very sensibly when not required, the tightueaa 
of the ashpau is essential to the eoonomical consumption of 
fuel. AUan slides tbs damper vertieally ; tliia gives a 
belter entnnee to the air. The ashpaa would be improved 
by fitting it with a door in the bottom, tliroTipli wljidi ;i.4ie8 
could be cleaned out readily and simply, and by wiiicli also 
thi tire might be dropped. The ash|NUl ahoold be bolted 
or riveltad to the finlMn-ahail with ataya on the oatside 
or inside, as in B. Gooehli aai FUrbaiiB^ enginei i in 
KiiHoii%, wIkti.' it is simply linhed, the faateniag doM not 
give tlie desirable atalnlitjr. 
The venothm-dampar hi the sowkebex employid hj tiie 

Gnfi"!!''?, ami alrpa^T de!rril)efl. oppratcs v t-ry well ; espe- 
cially m eoiiijaiieliou with the a^lip;ii;-il^iijjjer. Inieed, the 
two dampers ought to be placed iip'Oi^ nil locomotive boilers, • 
SO aa dinetly and eflbotaalljr to isolate the boiler at both 
ends, ftwm the sir, when requhed. A damper, eonsisling of 
s hiiort ii-nii disn, is usualty ajiplkd, when required, to the 
upper Bjjd of the chimiiey; sliould, however, prefer one . 
like Gooeh'a, applying close to tin- t<i<>f>-ciids, tbo ueio 
completely to check the circulation of the smoke. 

The mtektbKt ia usually of i inch plate, joined to the 
tubeplate and frameplatcs ; and occasionally f u iiKHl .as an 
entire cylinder, detsefaad from the frame, either as a pro- 
longation of the banel of the boiler, or made with aagk> 

irmi to a l.tnrP!" <liaTn»?tpr. TIis donr slioiiM 1ir larcre ciinu:rli 

I to give fre« access to ail liis tube;!, aiul should ha caretuUy 
mitred into ite seat in the front plate ; and it should ho 

' slightly dished outwards, to eoaUe it to resist ths pHaaoin 
without a<^inst the partial vaenum inside, md to main- 
tain it !iir-ti;;lit. Fur tlio Kaiiic purjx-ijc, it slioiuil he 
fastened at four or more points in its periphery, by a number 

I of ahotiholta woihed hy a handla at the eentMi which is 
pr-rhnp; best way: or hy a series of braas detents 
ouuiJe, a,s m Sharp's and Oooch's engines. It should also 
have a shield of i% or { in. plate rivetted on inside. 

Every smokeboK stMMild be made with a suffieient open^ 
ing near the erown, fitted with a eliding plate worksd firem 
iliL' footplate; to aflbrd a means of damping tlu« draught 

j by admitting air into the smokeboi, instead <ii Uatnping by 

I the firedoor as is commonly done. 

i The CMmney should be of i is. pbts^ to bear the aetuMl 
I of tha blast and the ra«ping of daden and aafaaa. It ahoold 
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Iw ftnifa-joinltJ ouUide, with • welt ImUt} tai fud to 
tito Muoktbw with bolti «Dd autiL 
Awalri».->'na Mkr any b» mI4 to nH opra Hw finn, 

in 1 to be l-oltcr] to it. It beaidei, an important »oiirce 
<sf stiffi]*?-! tij tlic rmine, and i«, in •ome desij^ni, made 
]3r;:flv »\ili«frvici:t to tirs I'lijf^ct. Tlii? niuon [3 mudiy 
prnnan«nt a>i'! t:n.-i1tfrt\lk' ac the imokebox-end, wh»re ibe 
evlinden and ilieir ronncctiooi are sllaat4)d : at the firobox 
■Umiim ia niid*^ aithar in tin aliitidty of the bracket*, 
or in tiM 6«adam «f dta iHlt-MN, (far tlw varying length 
of the boiler bv Ir'iit. Tin- want of this libfriy. small lnjt ' 
MMDtial, ia drtUuclivi; tn tlie roaebin<>, aiid lea U tc' <:ertain 
rapture in the team* of the boiler, or in th? fr-ioie. In 
wdiiiaiy pnetioa, tha boitsr it aapported on each aide at 
Ikiw flwai, tlw Snbas, v^ddla tt bami, waA imokebox : 
the auppodawra nanalljr «f bM>4m <«r 7 iB«h«« by 
i or i infti thlek ; t&m*i triugalarly with tbna palms, 
ane to Jiin tliK I'riinu' niiJ two to join the boiler. The 
boil»r-p«li)i^ :<liiMiIil he oi good len^h, 11 to 11 ioch«&, and 
w»1i riT«tt«di on, to make a rigid bracket, and to insure it« 
alidisg with tha boilar at tha fitaoM-lKilta. Iha bamW i 
hMlato aaM% JatM'^* fttoa «l i&t MWwaliM 
pninnd below the barrel and rivetted to it, at id C^Miplm'a 
and Kitaon'e cnginet-, thua making a firm junction witit the 
frame. Shar^>. jiivI F.i'.;liniin, ni thi ir [-nf^pir^nr-iMi^'itii'*, 
UM platea on eUye to couiioct the tmikr wilh llie iVuiii* ; i 
those at the imokebox being gimpla exteniions tat^rallv of 
tha tnbapfatta and frapt^ta^ Kitaoa lita ft i indijtlato «a j 
adga, on aash aids of tha tmolcabin, and bttwwa tha I 
frameptatea, aiid riveta tha whole together with 3 inch 
ant'le-iroD : and. in aoroe csm<m, the »id» j>l*t«» of the amoke- 
arc j"ini'il ti> tl.K ir.si.tn fr;i:iicvlntc.". With outsldo 
cyiinder*. tli--^.:" iiiclhoJs .arc- inadmiaaible, Bjid the tubfplale, | 
And oecatioiiillv \ho tlie k-.ui plate, aro flanged and Ml«d ■■ 
to tha iiiaida frana||lataa. Whan tha inaida finnapUtea j 
, an axtandad bahhid tha Cnlioz, in aieallant hnukattiD^ ii I 
mad'- "t willi "5 in-K iinL;lc-iron rifetleil "m each si. Is of 
the rjri)JjMj,-okttBl, Uit its w Iwle length, to rest upon lUa frains, 
and bolted to inverted angle-iron riretted on the ontaide of I 
tha trwmfUnn, aa in Sharp'a and Allaa'a anginaa. 

SaUir Mmtii i f . Btfilf'Vabti. TbanwatwntiiavMy 
boiler, aa a DHMar afaanuttj, aithar toftthcr or at tepnrata 
pointa ; at tha Ciahn, or aa f ha lanti, and g<en«rallT at 
theaummit of the dome, when prenftil. !t !•< better to plaee 
the rafety-ralTea apart from the oriri.i^ of the ateampipe, as 
they dlrerl the cammt of slcani when blowing off, and re- 
dnca tha (endeocy to prima. lit the daaigu of the raiva, 
thapatotaaMthitUahiliMlrMdilyaDd npMly.aaaaiB 
ordbaaij aiicuialanee* to d!i«harg« the .iteam without per- 
mitting th* pressure to rise dangerously high. Safety- 
vnWes t<: liii'iMii.pt'V! ti are hardly knemn tn i;ri'_'. I« in;; n:. 
fr«qnently opened; we should, however, prefer the flat ralTe 
of D. GoQch, or llnthTen'a "ring ▼nlvc," with «»y turnll ' 
aentaatt to tha eaDical vaWaa in otdinaij m, aa ffloro f rra 
tn antiaa, and aa alMng a wMa ailt ferataam, at a given I 
elcTation of the ralre; if conical TalTo<i be used, the bevel 
should at least not exceed StV. One or both of the valvea 
are fitted with 1 i , i h c ■v.'.r.i.led each by a Salter's balance 
fitlad with a helical spring and gradaatad to indicata I ib., j 
ftih^ar 10lh.iBitarataafpniran^«idaMlilhatawai£hl j 



af 1 lb. on the spring-rod with tha balanee invertala wosM 
nInthaiadaEl Ikbythaaaala; bBt,tha jatamNtia««r« 
bm aaltipliaa tha pwww af tha hafanaa apan tha fttva^ in 

the ratio of the leTerage. and there must be as many square 
inches in the lower anifaee of the valre aa the number of 
times tliat llif ^vilnle Jcnjtli <if tlie lov»r L-ort.i^ni tlip lii'*- 
tancv of the oentre ot the ralre iVom the fulcrum; or, in 
thort, aa the number expressing the leverage. Thua, to 
taka Allan'a aaiatj-nlva: it ia H ^Ma- <« tha alaana- 
aida, and baa S hi. af ami tha lew fa 1T| in. lonf, and 

is in. from the fulcrum to llm valve; the le?rrn'-t' Is, 
therefore, ITi-r-'i = S. that in. the balanee has a lafvi- 
age of 5 to I u|'rri t}:>: vnlvc. an J acta aa if the valve, though 
ftctottlly of 5 in. arm, w«re rod need to 1 in. area: tha virtaa 
of which coincidence ia that, whtn tha steam la jaat Unwing 
ofl", the spring hatenea i adiaitoa the preatwa i. tha haOcr 
/XT tquar* fa«l. Dfffeiwnt makers adopt difRwant latatagM, 

ariil th'Tff.itc liitTtT'tir area? of valve to eHjniixM:!*;^!^', Tlury 
k, Co. have coastautly m&l a leverage of d to 1, and a 
2i in. valva, even for their largest boilers; and this ex- 
plaina, wa think, tha npid aetioa af thair aafatj'wlTaa in 
Itair atolj aagbiaig aonpiNd wMh Aaaa af alhar makaiai, 
asemplified in tha aaaa with which tha Maara Uaw of. 
The majority of other iBahera extend the leverag« fo 11 or 
It! to 1, and use about 4 iticb v.iUfs, with li2 in, an-i, a« 
they presume a larger valve gives a more npid discharj^e. 
This we very much doubt, aa tha eircumferenaa af tb* 
Talva, which lapiwaoto tha axik for steam inrisaasa DWiw 
dtmfy than tha may u4 to <snaa • glaan alMaidaa af tha 
valve from its seat, a higher presaura must exist in tho 
boiler, with srrealer lever^e. Altojether, we should prefer 
tlif fhirtpr k'vcra.'i? uf .") in 1, with tl.e ti' ill. valv''; and 
the oiiotce appears coDfirnied by pra«tic«, ii has often 
been found that, even with 4 in. valves, the pressure in 
tho boilar maj riaa t« donUa that indieatad at tha hahoaai 
ihnngh the inadilitjr of tha ytlwt ta tat off tha ataam with 
HuiTi'-ii^iLt ra[Mli'v Tti,I.t>I. the |iriii-;;itc of more direct 
ai;tiur. liaa tn-n hidiilv farr.isi out hy J. V. Gooch. who 
dirmiased tliL- h v-t i^ntipelT, and planted the balanee on ihe 
top of the Talre; the aalva which was virtually reduced to 
1 in. area by tha lavar, was bow litefallj so, haing hot 
lA in. dlam.1 and it wairiu aatiafaetorily. Tha IMltaaiB 
of a mfety-valw la not a aea w fly in proportion to tia atfa; 
tlu- f|iii".ii4)n is, wliat excess of pre»»ure ;ihfn'!^ iliat In whirh 
the balance is adjusted, will give a sufficiency of mittet, with 
Uie same balance, and with different sizes of valves and 
aamspoiiding lavaiaf and if it bo agraad, aa thwo «an bo 
no doaht, that n mallar valva and ahartar baar, ar avm 
Cloocirs direct eonnrction, opens as fully aa a larger valf* 
and lever, onder the same pressure, the presumption ia in 
ravo\ir <.i" ihr' .^mailer valves, seein,- ih.n nut'rt is in taj 
caM \t»ai than the area of the p.visana to iii& vaive. 

For larger boilen, therefore, lanrer valves are not so much 
tha abject, <u balameu on a larger smIs, ar aoah aa have 
man alaitle springs, with gr«»t«r seopa, and moviii^g tbrongh 
a greater di»tai)ee per |iound of extra pressure. The gradua- 
tions for given intervals of pre«snr» Ijciti;; wider, the valve 
will rise higher, and will jn>' a \i;ih r i.;iilet, for a given 
eXGsaa of preasiu«, and discharge more steam in agiran tima. 

Aa tha ttM afgnto tagnlataa tha pfgdnation of ataaa^ it 
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dhavM rm«faite aim dke nib of flw Uhaei; AMDiRh>* • 

t\ in. valve, and a lererof 5 to 1, for all tioilcrs, U Wn 
fguti«i by »xperi<nce that the ordinary Salur kiUace, i« ia&- 
cienlly active for Bury's original 9 feet gntea ; for grate*, 
tlun, of a diflereut UM, tb* alMtiiiljr of Iha bkUowaiwiiid 
vuf imiportmatilljr. Mtort wdihiiy Mmm Mti at tb* 
Htt* of W Ihk |K«asnre per ig«h of oImUo Mtion, ud M th« 
olutie fbno of the epring shoald bo intreroely as the ares 
of LTiid', riiuUi|il_v 10 Uk. b_v fl, giving !M) for a i--nn5lam 
quantity, and diviUo by tlie given area to find tlie proper 
elaatieity; — hence the rule: — 

Bou. Tv JM ll» ^aUititg a* ifn»jf-buUuet fir a 
t) M. fMfc*^ • Smiths <» 1, Awlta ^mnmmtf 
graU. Divide 00 by the area of grate, in aquare feet. The 
quotient expre«««9 ttio elasticity in ponnds per inch of action, 

Esoiiiph. For a 12 feel ffmte; &0^.I2 = Ujs. per 
inch ol" f \t»nsion or conipr«s»ion, the required action of the 
epring-kilancc. 

Ono «f tho aaioiy'TalTaa b •onutinM loidod fagr ft liiliaftl 
•toll aprbg, dtioetly oppRod, and indooad fa th« dmio 
beyond the control of tlie drivrr. 

Maaometfin, or preeanre-gaugts, imlicatiug dm pnaauje 
of the steam at all tiniea, are now being introduced and 
Mtaehod to boiler*. Of these. Bourdon's ia, w« tkiolt, 
tlw nHl pn6«l. Preaaare-gaogea are a laxnrf ntlior Una 
• aMHMijr, after • Uuio |ifa«tioob «<fia»4»TCn im M», 
hf k toadi of tbf StItor-lataBn, sad tha d^gm of nau^ 
ance it oppoees tf iVjc nprini,,- .-if the valre, to jadga 
nearly of the atrenglh uf U.u sIkimii. 

WhMe* are uaoally of hard bra»a, the bell being 8 in. 
in diamotar, and i\ in. deep ; tbi* ata* givaa the moual 
■ate Dnaknaiwliieh ia a pitah ftrafd^aiy wkltdta, 
Bod cgiM arill antwilh M lb*, ataan; higher preaaurta 
piadvoa tha bannoDie Afth aboro^ aahrill and piercing tone. 
As the fulness of tone i» affected by the pr.:s5iire in tl.u 
boiler, the steam shonld be suitably iriredrasu by tlie 
lutndle. To do so with precision, D. Qooeh ascs a screw 
motioo and ntt*. Quant** whiatiot are uda laigar, of a 
dMidadlgrhwar t«ia thaa tha otdinaty wltiatbt a i fa. bill, 
5 fa. d««p^ oukoa an oxeelbnt ;;nard*a (JgnaL 

Bhm^J^ Cech and Valrtt. Fiiod to the firebox-shall, at 
the bottom, tu 1 1 nv ill' CmhI ivni. r tin i ¥i-:iniiriit ; usoallv 
1 to 2 in. diauieicr. Tlik la too small for the mo«t successful 
action ; loose matter is, to be aura, aaniad off, but a larger 
Taat.<njSto4ia. diaai*tar,|^naaBwiti«|Hddiaibaiga^ j 
wbigfe, apparadj bj tba nddan *a|iananaa of naaiHrt I 
alnam, causes much of the Male to pcol off. .ii;>l srours 
mtieh more eSeetually. Two such !;ir:;r. vinls m^\■ j 
0|ii'11in1 a'- the F3IUC iitnv. 

SW,-ir pluff* should be at least 2 in. diameter, with a 
s1i::l.t t.i] er ; of bsfd brass, not iron, to prevent roating in t 
wUb \»tg!» aqgan haada to boar the strain of tb* aamr^*;. 
Tbai* lAodd b* at bait two, at diagonally oppoiite oonon, 
to give the range of the four side* of the firebox, and two to 
comm.-vnd the midfe«thcr where this exists. The thread of 
tlie .-ri, .v-plug should he cut to a fine pitch, to give it a 
good hold in the metal. Allan inserts a lining of piatoinn 
inside at each comer of tba Ibobos-eheU, to inoMW* Uw 
bold of ibo plag, and rod no* tb* liability to 'n'-'grt at, 
biaidiB th* unfawHiiable biwl of the plate at tb* o*i»*n^ R 



LOGOIIOlXVEa. S8» 

i| wbfoh wiahm lb* boM sf tb* aenv, tb* okaarag rada wnr 

sway ilie siilcs of the hfjies, and reduce the hold still more. 

Scmn-iuci, fixed to the back of the firebox, at the 
ordinary water-level, with 1^ in. co|^*r pip* to draw off the 
fiMhy ia^ofitiaa wbicb rita to tb* auzfaet of tba watar, 
ami vliiih, vhib than, •oaJna gnatlj to primfac. 

Walm^fau^. To show (bo l*re1 of water in the boiler. 
At kaat ono glass-gauge with brass fixings is applied, to th* 
bock or e'uU of tlie firclmx-sbell. The plass tu'i-? is ^om- 
mouly of i in. U)fl\ a:id | in. thick ; it sliuuld he well 
anoMiled, to prevent fracture by sodden applications of heat, 
and by oUaraal aotidant ; padiod witb banp or liat^ and loft 
with tba aadi ftaa br aspaaaiott. A viaiU* naga of 
10 inches is safficient; and the gauge shonld be so fixed that 
the bottom of the visible part of the glass be level with the 
crown of Ihn firdi.jx, — citIjIhIv 1:aht, a*, if *<i, it 11 
liable to deceive tlie driver, by the appearaucv of «at«r in 
the glaaa, wbil* there may be none above the firebox. 
Ifawgb (h* watei<4»v«l ought to b* kept np to 9 or 6 in. 
ovar tiia flnbos, lor asennty, practioid drivan falta libarti** 
Occasionally, niicu tliry require " all th* steam," and exclude 
tlie feed-water, tJius ptruiiilixg the wat«r to ron low in the 
glass; and it is proper they .-IkiuI 1 Ini.iw pn-.-isi ly what 
depth of water they may depend upon. Opnmgs through 
which the passages may be probed when stopped up, ara 
made opposite aook paam«k and atoppod bj acrmrflaga. 
The passage* to tbo boil«r aboald b« 3 !n. or, b«(t*r, | in. 
diameter, to reduce (!id li.iljit'iy (■> 

Three g»age-coeki» iiro lij>ps;d uiiu tl« tin-lax UitU, 
tl<r I- levels : usually at the crown of firebox, 3 in. above, 
and 6 in. aboToilt to bo oaid ia cmo of fiutoare of tlw ghMa- 
fBBga. InaMna*aHa,fb^«raairawadtatoabolio«alaiii 
joining the firebox at top and bottom, upon which also th* 
glass-gauge is grafted, as fa D. Ooodi's gauge. This plan 
reduces the s^i-uri'v. xi tlifrc U no n-sourct when tli.:' jias- 
sages to the boiler sua slu^ijits'i, U4<t>:-<,'d il way deceive when 
the cocks are trusted to, as, should the upper channel b* 
otoppid, tb* ooolia woold bo aappliad with watM ffon tb* 
Imnt dMBBd, tvbO* tb* wilar-liivil night ttiOf b* aneb 
below them. A««id«Bta have frequently coMiiad fa tbi* 
way; and it is better that the gauge-cock* abonld join the 
boiler independently. 

Beating Cock. Fixsd to tii« firebox-siiell at or near the 
crown, or to the dome, with 1 in. copppr pip* to one or botb 
feedpipe*, and jt^aad witb ooldand thimbiia or with a*nw 
eonpling*. In tank-ngiaait tba pip* fa led dinetlj into 
the tank, and should be laid in two or three feet, with tlie 
end plugged, and perforated witb aoiall holes to distribute 
the aHaat adaiittad far biatfag tb* water. 



CmAPTEB IL 
AiriXQHnui DnomiicH or na Ctauun: Ounau 

PRISCIPIES OF lUB FbaMI. 

Imidt-Cylittder Lvi-omoiitei. — In the earliest locomotives, 
no nfard was paid to the propriety of classifying and 
aijpaiiting tb* dntka of lb* diffmotiwia of ih* aucbiaa. 
tb*b*ilarwa*tb*iiiBlfcMida^iip«BwhNb th* ia|n* 
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ma orecUd, and tlio nsle-bMrings fMtcDed : the eyiindeta 
haw bun plaa|^ into tht Wflar, «r fixwi vntalljr vgaa 
the fBokaboii, ih* Iwml, md tb* (inkx, fritli InCtrnadiM* 

axles hung upon the boiler, aud in \-Bri;His attil .n!< t ai-fwil- 
ing to the tiute of the designer ; the gearing waa i-.uck uu 
auirwiiore, and the »h«ll of tlie boiler pierced with ouinerous 
bolt-b«lM; Sk whUk OIHlld be atranger tban a hoUow 
(fliwkr <f phtoilH linttwliato one nunpaMit buttl, ud 
wink own anitedU* ftr itMBSik and rigidhj to Hkn 
nMehaotim fiMtened to ill 

Cvlilldrii'il EU.-f.-iTi;-^, tlmn^li strn;!,-, «"T'< nut t'.MiiJ eon- 
Tciiient for alUctiiusuU ; ■«> » iiaiiic waa pioviiitiil lo carry I 
the engine, machinery, wbeeU, and the boiler itself. The i 
boiler, tiuM||b nli**«d erandenUj by (he ehuga, waa eiiil 
ebugvd wiA (he <gflhideM whiefa tnra ptaetd Mmr, inaid* 
the emokebez, and boltod to the front end Inbeplatoe; 
though, inimnliatcty on the ouUide, the amokebox waa bound ; 

by br.>.-k<'f.i li) llif fr.iiiif, a;jd the strsili ImtArcii tli« 
cyl'inlirs mi arivang-axle therabjr tnnsmitted, without 
i iiijn through the bodj af th* hallar. Sea diapaai- i 

Bat thaqgh aeow dUSealtiaa wan thoa ftaiio««d, athna I 

«upvrrcQ«d, The (train between the eyiiiiden and th« ' 
axle i» no tritle, for it i», in fact, the pressure of the steam | 
in theoylinder; the preMure o:i the .iids of tliL' j 
cylinders alternately, and also ou the pj^tous, lVo:ii uhah ' 
tbo strain is transmitted by the connecting rods to the 
aile. Thoa the cjlindata and tha axle ai« alMnatol; 
einined tdgelber and atrafned amnder. To meat thie 
alternate strainiiii;, tlif uui^iil<' ["raiin- >\.i> ii.'.Lr|HJs,d, unit- 
ing the cylinders U> litis axU, iiitu-^^h lite utcJ<uiii of the 
smokebox-brackela. The frame thus actmi as a strut to pre- 
vent coniprestioD, and a« a tie to prevent elongation ; bat 
imperf^tly. bfeaiut: tht t^antctloH tea* not direct ; it was 
Mada UtoiaHjr through the eowkaheiMtarat and thaaa ataje | 
eadd nat he kept in good order; <hay waitted laste, and I 
set the whii!e fr:iriiing a-twisting. It i* tru:\ iii-iMc frann s ' 
wore applieti, uniting the smokebox to tli« iirebuiL. anil 
rnibraeiug the axle with the object of meeting the horizontal i 
atrain opan it ; bai tbeae were tittle better than figntenta, 
(hair eapnah/ waa Unii(ad, Oiir beaiingi en «ha nde 
Mwrawt nad^ 1haa|^ watt fartaaded, thej teadily wore dear 
of the axle, and fafl the enUide frame to do the %n\\'. or part 
of the duty. Bury,— am! kIk h \\f i<:>v 1! ir;. . -.vn <.-i ii«'rally 
mean Janiea Kennedy, lua acvuiitiilnhe'.i nw.i r>"<|i(u'.»ible 
partner, — knowing the eeaential weakn^s^ ot' the iiitAi le 
feame for the tei|nirad purpota, dismuwed it entirely, and 
pm Ut eof^nat a pair «f huaad and napanalUa haario^ 
npn the aslct inside the wbede alene, earrjing oat the 
frame inside the wheels, and close outside the smokebox 
and tin l> x. But, while he acted thu'' I'ar uii sound prin- 
ciples, and while his frame actually gra2«4 tlie cylinders, 
he did not in his first engines seize the opportunity of bind- 
ing the ^lisdaia at ooea to tha lianw: ha, like o(iiBC% belted I 
tha eyfindeia to (he fiant and haak phlaa af tha amahahoz, | 
and, removing the smokebox-stays, led the strain circuil«u»ly 
tlirough the boiler and the brackets by which it wa« bolted 
tfi tlie fiaiiii'. 'I'Jjo real u:-tir.otioii tii tiiii (jui'^tion of 
framing;, then, is, that while othen had their principal 
ftautlBg oataUa tha wheals Bnrjr piaaid Ua principal iaA 



only frame inside, and by so much shortened and stiflfeawd 
the lataial enuiaetiona fiitmad the boiler- bnokate 
hatweas the eylindara and tha dflviiv aih i nariting ib* 

r.|jiui jn of M Cmnell, in IS43, tlwk bii eqg^a waa *■ a 
^oud, stjoi:g, cuiopact machine." 

In later designs. Bury remedied the fault of his earlieat 
plau», by placing under and fitth^ to the ^lisdefB two 
strong transverse baia, paaitny thnngh (ha ridta af tiw 
smokebox, and bolted to (ha AwM aad to wiaga <aat iipon 
the oyllnden ; thie mado a vanr tm and direct eonMCtien, 
relii'viu^ the tuiltr i.f all '•tiuiiiiu:; from tlie engine. 

6iiiirp, riiUuutiig liie i>ut»id(i frame as the foundation of 
his pa^seuger-ongine, for the sake of outside axle-bearinga 
and better aeaomoiodatien bMweeo the whe^ and awara 
ef ito watkMM an tha aiifa af indiiact eannectian. 
leeolred to provide for this by nniUi^ all the parte of 
the machine in one eolid masa, which would stand or fall 
as a wht'lf. IIn tliri'w !jiit wn,^, from the fivut aiuj l.a-k 
plates of tha euiokebux, «lijeii rested on and were rivt^ttta 
lo the frame, and inserted filling-up plates between and 
nretted to the amekalMa, fiama^ and wiag^ ao aa to forbid 
WKf play hi (hat ^aartart ha baaad tha flMbon to (ha 
frame by similar wings consisting uf plates on edge, of 
great strength, flanged and rivetled, and by an extensive 
footplatf an 1 I'j.ver drawplate liveiiiU with lines of angle- 
imf. t'> till' rr iiiie and the book and sides of the firabos. 
Tlir 1. iliT lii.jiig thtifl wedged into the frame, and balnj 
farther beaad logather by foar inaida cuy-plates httwaan 
the firebox and wnohflMiii, it waa rataocably cxpectid that 

not'ilri;: cij'aLl «av ; ^mi, in truth, ;t i.i t'l t'lin 

aluiijit iuvmciLle flaLuralifU ui liuui'jWJik, tJja; isiiiij.'* 
engines are known over the world aa the most durable of 
outaide-franied engines, aa Dury'a have been iuiq[D«etiaaaUy 
the most durable of engines with iaaide thunaa. 

The dorabie qealitiea at S^mtfu and Bory^ aqghiia 
are, howew, eery diffenntty derivad. Sharp, by a dae 

a.-i'urnubtion o:' imu a:iii rivitiiiig, opposed tlie strength 
of \ruu fiUMCsaiuliy lu t)i« disorganizing action of hiph- 
pressnre steam. Bnry went directly lo tin' i>:iint : be 
placed the fnuae when the ftaoie elioaid be, and oooductod 
the etea n t p wainia to tta deathmlioB Ihnngh a aingle 
solid bar. Sharp certainly eatablislied a secure, tliongli 
circuitons, communication with the driving axle; Bury 
WMit :-lnii;|;ht ,'it It, ami cau^'ht the a\h- In' tlii' nt'ok. 
On the principle ol diitict coii)ii.-€(tciii sili'vaJy Laid iIixau, 
we aia bavnd to prefer Bury's general design, witlioal 
aMiButtiag antadvea to dataila } and a refereDee to the 
gMaial pbHU «f Baiy^ and Sharp's engiuee. Noa. S and 
4, dittgran»-plate 7. of wliich tlie latter is a later modifi- 
cation uf Sharp, will show tlie relative simiMicity of Bury's 
design. 

Closely allied to the question of direct conimtion, is the 
question of inside and outside bearings on the driving-axle. 
The wheal, the cranhpiB, and tha axla-hearing or journal, 
00 each aUaof thenBehiae. ahoald ba in elusv juxU]><i«i- 

tion ; if it ivorij j.i.isiWv, th»y should bo al flu- -ain- [I'lrt 
of the a\li'. At eai li '.iitw is something to tw iIm.u^ ajiJ 
traiisiiiiit^il il'ii-- tha axle; and the closer they are, the 
more direct is the Mtion of one oo the other, and the ieaa 
their htaml kwaga, and tha huiitMal abafaiiBf to addeh 
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til* «1« h aubj«rt«d. Hera ^in, Buij bad fb* *dna> 

U^i-, ffir, t>_v (■nniU'cling tlm cvliinliT ilirrotlv n;;li tlii^ 
ftxie. Mid inside the h« {tlauwd ]t'm ituiae- 

diatelj between the wliee] »nd the erank, auid thus com- 
paetad tb* •tnupfag wOm tbt w>ttl«it ponibU phTaml 
Umta, nk atf tMilag* SNipt avM «ritb hb htm, 
coatd not reach, m hi* inside bearings wore men aaxib'ariee 
to the outsidee ; and, in the doe eourae of wear, hi* axle 

lii'ikis loose from thf iiuiiifs, .imi ilcj-i'ii'lfil tii'.in; ami innri' 
npon the extreme bearings outside. In tbia way, the verj 
tig^J of bis llama told apon the durability of the axle, | 
at tteia iiMMted^farkaaaipfiniiiao: thaootaida Cranie ! 
imiAi Ml wuk Imh^ wti th* nla rniM itttntan rield 
more and more under the horizontal strain, before obtain- 
ing relief from the inside bearin:;*, as the latter wore awa;r, 
until its horisontal detlw-ti in woiilil rci'-li .iml snr|inss lin- 
limits of natural elasticity, and lead iaeriiably though > 
gradurillv i!i ;» final rupture. j 
Of cvunak ^ pnpriaty of bavi^g tha mponribla and i 
only bearingi of tha driTiof uU tnrida, bet««m and «Im* | 

to th" Hiic'l", oi; tlii> rr<.ii;nl> jii^l i-Uli'il, ilocs iii.i ttTfri iV.ij : 
poeilitjii o: ihs beariuga of Uie lustclv' earrjiiug a^lwi, it* ! 
these have nothing to do with the action of the engine. 
When the bcariags are all batwaen tba wbada. tb^ Ml 
into a direct lius oo Muh aida^ and daaiapd ftataiplar fctaia 
than wbaa tba cmjiag aulas bmlhtif htaria^oalaMa tba 
whaab; aa, in tbk «aM, deobl* ftamtiig (• B MM o a ry to an> 

brace the inner atui outer li,'.ir::i;;>, Fi.r llns r<;:vsiirl, and : 
also beouse the iioauwiud pKs.iiiri' of la^l uu ioside I 
bearings, asaists the wheels in rt M^tin:; lateral oonenssioDs ' 
batweaa Ibair flai^ and tba r«ila, Barj baa oomtaatiy 
wfkiftA iarfda b*aniie» atduaMlj fiw all tha aadaa. To 
tha htter argumant wa attach no importance, as experienee 
bat amply proved that well-formed carrying axles with out- 
side boariBi'9 are as Juialile xt am ; «!■ ^houl l f..:fl, 
on a first viirw of the case, rather in favour of uutaide bear- 
ings, aa the axle may safely be reduced beyond the wheel, 
and tha jouiial mada of mueh lata diamatar than if inside, 
wbidi kill iaaraaaM tba daallcitjr of tha axfe,— inoaamng 
alaa Ita {mbaUa dnrability, — and reduces the joarnil-fric- i 
tioa, this friction bein^ in proportion to diameter and inde- I 
pendent of lenglii. Tl.c- ;;rcatcr oimplioitv of ftatvit' for 
inside bearings is admittedi at tJta same time, the most 
important parts of the framing, — the inside eonnoctions of 
tba Oflinders and drinng aslt^-^n aiiapliflad hj baing 
lallaTad of the provisioD far olbar baarinfa. btttar aaaonmo* 
dation is provided for the «pjtlii:.'s. .m-t. as alrr.i.lv irislst<fil i 
upon in a previous chapter, auUiae buatiuga u» ibe canyiiig 
axlis, iiicri-a.*i' die ftaiiility of the machine. To the argu- 
ment for aimplieity, then, little weight is attached, as the 
vital paib^ tlMWe which receive and transmit tba acUon of 
the steam, are imi]ii|iaired bj tba ramoval of tba Inaida eat* 
rying bearings, — iadaad, wo tbink, rathar improved. 

SiiiiMiiaiisl. ilnublless by the example of Bun 's 
au.i by ibi^ir uvvij i>xperience, the makers of out^iti^-framed 
engines felt the necessity of adding to the durability of 
their inside bearing*: and tba/ aiada Ibsm loogar, to bo of 
equal area with tho oalaidaa, «r aMb tbat Ibo loiglli mlU' 
pliad tha diameter was the same in the two eaaea, and la i 
bopaa aba ttat by equalizing the wearing sur&oas of tba I 



ailebona Wsraoa dittr guides, th« bona an tha tira aidaa of 

the wheel woulil wi ar ^j:ially. amJ that the axle would thus 
work fairly and durably. The axleboxes, however, do Mt 
wear r<)nally, as the elaatieity tba axle is still at woifc, 
and aa tba ionar baarii^ ia naarar tho aranbpin, tba origin 
of lha mrUag bm, tt raealfaa tha gnalar pari of tho 
strain, ud wears more rapidly than the oator. That rseurs 
the evil of » straioad axle, with wida pointa of naialanea, 
only more gradaalljf aganuMBatiag s fiasMira than in pra- 
vious designs. 

To bring about equal wear of the outer and inner axle- 
bosaai ibair siaaring aarlaaaa aroald probably nqnira to bo 
in tho inmao ratio of thair dbtoMta firom dia aranb* 

pin. Taking Sharp's later engtn^ with which Fairbairn'a 
(Phtte I.) is nearly identical, the centre* of the journals are 
S} ai;ii iio; in. distant laterally from the {•nilio of tlip (•ra:ik- 
> pin, or at mean distances as 1 to 2} nearly : the ^voarnig ^uiv 

ifaoo «f tba itmsr box should then b« 2i times that of the 
oolir, towtaroqaaUy. Wora anob a nlio to bo obaarrad, 
bowofw, tba oatar bos woqM nacaaaarily bo ao radaaad aa to 

icmliT it or!ill]<i «i-rvi.-r> for liori/oiital net'on ; aii'.I h woyld 
I bo jji'iilY'raUs sitlitr to Utsiutas it eiUinily, or m coaline its 
operation to merely sustaining its load, tha driving weight 
baing diridad equally between tlw inside and outside boxes. 
With thia «iav, tbo oataida goidaa ahould bo raUinad, 
narely far attadimint, with aaleinl daaianea ban tba 
box, to prevent Wlaontal action. In this way the archi- 
tectural cliararS-r of i<ii<'!i .n< Pli.-ir|i"-i an i Fuirba!ir.*s i'n;;inf» 
would be pr«st.rtoU; ;iii<l w« 8b,>uM rtiaily regret to find 
these beautiful models of framing superseded. 

Aa tha iniido mamlion of donblo franiag nao mlo ioi- 
portanetk • nooro aaoara waattltn wKh tlw ayfiaden be- 
came obvioody dtairaUa. Bory had again aat tho asample : 
he had carried ont the inside frames to the buifer-heam, 
and h:i 1 bound the cylinders to thf-ni iiiilopciiJci.iIv uf tho 
. tmuktrbox fixings; while, in the double fiaiiitr, makers had 
been content to land the insides upon the back of tho smoka> 
boa, and to bolt tbam to it, tbaa iatarpoaiag tho tobapUta^ 
toirhteb Ao inndia and tba eyUndan war* aapaiataly at* 
tached. This conneetion was indirect ; the iiisides were, 
therefore, extended to the buffer- beam, and lateral flanges 
were added to tlio cyiiiidera, Iff mUA 1 bmd, •aoiio, and 
direct conneetion was effected. 

At the same time, as the result of moditaliwa in tlie 
viivo-gaar. by which rartieal aalr^fMaa vara nitradnaad, 
pbmd batwaoi tba oylindvn and haa§ aadi othor, tbo two 
I ralv(>-clic5t3, previonsly separate, were thrown into one, and 
they formed with the cylinders two large castings, which were 
bolted together ar. J to the Inside frantcs. T^lu^ ".-u l^llb»• 
rated the system of insido-cylinder oonnaGtioos now geue- 
rally practised, by which the inside frame* and th* aylinders 
b«<Mia thoroughly bound togatbsc into oaomaai, and g^nad 
imnMnady in atrtngth and power of lotittanco to ahoeka of 
every kind. Bury, dismissii-j tho frniKrvfr'si^ liirs «li1rli 
bound his cylinders, modified his engines in the same way. 

But the frame, beoides couvcrtin;the stc-vm-pressnre into 
traettra forea, by tuning tho driving aila, alao traasmiti 
tba ttaathra fern dnwigb the drawfiar, Thiaabanldbo 

I dona andnibahr W tba hmti, and Bat; and Sharp |wo> 

II fiaaftritlyantlaUaaiimaetianBbAlndtlaMlir. In 
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RV earlier engiDCR, and in some o{ the latest, tlie drsw- 
gMria fixed directly to dwhMk of tiMfiidbitt, Mill Not. 9 
•ad 5, diagram-plate 7; tbin th* bm wnw on th« bodtr, 

which of course most rii-i ivt- it from the fraroi', iu violation 
of the first principle of diin^i. connection. Maav makers 
terminate the ineide frame in :'roiit of tliii firebox, and fix it 
vitli brackets, to pwmit of the lateral extension uf the firebox 
to (be utmost widlli pmiiatible between the wheeU. This 
wpediwt ia «iM*«ini7t m ivAoiM of tafimnt dimen- 
lioos mmj h» amngcd witiioat nMnthif; to it. And reail v 
tliL' L'lii- In wii'th 11 Just abc'Ut 2 iuciic^, — a mere trifle, 
uunu-i'lli^' uf Uiu a.iiiuuiit ul pfe|watiou made for it. 

In coupled-whoel engine*, every eousideration in favour 
•f dinet wimectioB is of atill frwttw impoftoow, m tba 
«g(ti» atndalsf of eonpladaxiMlito h»nit,d«* sot only 
to Ik* additioiul poiltta «f taMtwilt lot to the unequal action 
indueed ij UUt UbA WMT imerihti in a previous chapter. 
The coupled axles ought to have their bearings all ;iivl i.-x- 
cluaively inside, and in one continuous frame, as in tiurj 's 
and Sharp's engines, Nm. 14, 15, diagram-plate 7; and any 
kttMapt to Miifitf ovtiido fawringa on th« wapled vim, w 
ti Bawilwni*t and StwnAV, Nmu lO; 18, kkb to (b* 
same evils in ao aggravated fonii, that charaeterize the 
singl»-wheel engine under the like arrangvmonl. The 
attachment of tlie ilrawnhl<-s to the Kuilrr n; 
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r Imlt till' i-vliiii3i: to t'lio fame franipa. Tiif 



1.^ 



gines, as in Sturrock'a, is ako particuiarly iinexpedient, as 
the outside frame receives and transmits almost the wbofo 
of til* tiMtin Mtiai, whieli miiBt, of omuM^ hftw to pat 
into ib* Imlar ihNqgh tbt htonl iNMleito a,m.milit» 

fixings b, b, of the inside frames. Hawlhum, iu No. 10, 
arranges better; he makes the best of hi.^ ^'eneral design 
bj fixing tlie drawplales exelusivelv i > '.'' i- mtHide framinv. 

OuUid*- Cylinder Loconwtim. The afij'luation of the 
principles just discussed, to the oouditious of cutsitl^-cylin- 
dar feiuning, it fKUf •brioiii. lbs gaunl |n«tiet ii to 
ttM fiuido ftmnua with iaiid* bMuin^ on tho driWD^ oxlii, wai 



tifcr.-<>4irii y I'xUTiial to tlioso fratues, and art euliftlv apacl; 
iIh- lii-iKiiit (if th'- ."Irciig ijMoii <if inside cylinders together 
•ud to tbefranitt itii; tlius unavailable, the framing must 
bo ntfUbntd wid Ikiuh I u>geilier by otiter mean*. Some 
Muiktn «o mmiy * •■n^ intido (lato on eaidi aid*, witb 
iotlda WHnga to all tha axlea, as in StephensonV Ke. SO; 

iillicr.-', a.' Cnirii|iriiii, ;inil Alhin, Nos. 21, 24, add a second 
pUtu uuUiiic Uiu uLvdJa, u.th outside bearings for the 
carrying axles. The double framing is preferable, as it gives 
ontaida bawringa, whiidi sra man inportiiot for aUbility 
tbaa with iniUa eylindaisi it tlao atnugibaM tha oonnae- 
ttoB of tiM tyfbdm by liriag them an aMMuul bold, 
ud it flifina tha wbala fifane generally. Whsn aO tba 
wheels are coupled, an outside fniKu -pi ii<' is n 4 1 \{.i>diotit. 

ExaiNpiei of Lo(6mot!t«-Framimji UuouHt-m <>» Me coh- 
UlUt <f Diayram-plaU 7. — A specific notice of eadi 
aumpla will affiurd iao|w for tha iUoatntum and applies- 
tiaa of tha priaaiplao of frmiif ; and, aetordiaf to 
Mr. Booma'a &To«rita madiod of instniotiaa, wo abill ihow 
what to avoid, aa well as what to imitate. 

Inade-Cyliudfr Framinif. — Nm. 1 and '■'< :iii- i'x;uii|i^ s 
of tha uiiginal oompoaad-framsd engiiia, in which the axle 
baaiiafa, a, «, wm ontoido tho «]iod% and dw 



driving axla^ iHri BOSiliBry b«arin<Ts, ft, b, inside; as t)i» 
lattar baaringa gare war, and the axi* dapondad Vfta the 
onttr braringa alour, it obriovsly boaaao liaUa to vwy va- 

fair •fiaiiiini; fpnii ilu! transverse action of the stcara-pres- 
Bu.'e tliitiugli ilia cuiiuecling r<wU «. t. The draw-lmr was 
coupled at d, to the frame cf X >. I. uiiJ to the firelMX of 
No. 3, in tha lattar of whidi it ia pbin that, when the in- 
side bearingi fall elaek, tb* labear of ttaetioB daaalvMl 
ciiiefljr npnn the onlaido fnaa^ and aiUd tiinq^ th* 
brackets, e, t, upon die bailor, ftom wbiah H jwned off at dL 
TImi, uLiIc tli-i' bficki'tb i:i \o_ 1, nm' straiuoJ ii;d shaken 
louM tlio uuUit, aiid kiig 3is tJ4<i ui:iiiJ<i bc'.ai'Uigs wero 
good, in transmitting the tractive action to the outside 
<hune: thote in No. 3 ware atiainod and worited oaljr t^tr 
On 1mM» bea riag i fsU jatodjaaidar. 8«lbr,lliaaNMd«a» 
an tapwnaunt an tha Ifeat; but either way, tha atil of in. 
dirett cofflMetloa «aa aaiBeientty experieoeed. 

Ill N". 2. l>v Bury, tlie fr,im:ii,- .-m l ili* axle-b«8riiiga 
a, o. Mere (ixduaively inside, au l th.- <iiti'A.«entreriwas sus- 
tained by the frame, quite dear of the iHiiler. Thus, all the 
aettoBwaooDnfined bataraaa the wheals, and tha driving axlo 
naa aB]i|ioftod (liae to tho ombIeb, taa^ to ila adfBBti^. 

No. 4, (rr-iltir^ed from Plata 11.), is tb« matured plan of 
framing- u li pi.-,! by Sliarp, and by Fairbaim, at the [we» 
e-cnl liny, for h.iil-U' f:i:;ii;o3. Tl.f frame-beaois, n, o are 
oksund up to the biirli:r L<>aai p, and bolted to it; thry ar« 
also bound together by the nietinn-|iUte m, and I'y il:o 
ajrlindar^aatiagi and tha flati^g r, lintlad with 
iron. The iaridea tenninale at the InboB. and the onk- 
sides are bound behind the boiler, with platfo, a; to whidt 
ia attached the draw-gear. The driving axle luM lai|!0 
inside andoutsiJo l-osriu js. Tli:* nylc ol fininii g is rigid 
iu its iray; yet ne have setiu oa&fs lu wiiicla «veu Sharp'^ 
outside frames have broken loose from their fixings to the 
iaaidaa and m tha boilar, doe to tbo horiaaatal mar of the 
inaida aslebana, their diairtiaB ban ditj, aad tha inavi- 
uble conoentiation of the ataam power apta tha oatiido 
bearings. 

No. 5, by Wilson, shows a material deviation front the 
normal form adhered to by Sharp. The outside framing, h, 
is entirely relieved of the driving axle and the draw-gear, 
and carriw onlj tho lore and hind axlegoarda, and ia baond 
by bradiela «i «, to the engine and bdlar. The iMido 
plates 0, exclusive ly r.orivL' ti^. :ini-iiou<-t frN:ii the 
cylinders, q; and they Iranjimil il to iht U^; uuii-j Ute t 
through the fin-bux, all being rivetted together. This, as 
already noted, Il in bad taste, aa Ihoagh the firebox be a 
very atnwgly bnilt stmetnra, and paitepa capaUa of doing 
ail tha iii Mfniiod of it for traatlatt, it ahoaM not b« seiied 
OB all atdto la this way ; it should be left to ita own proper 
duties, and the inside framing ext' i.'li I iiol. [i. in^ nily to 
the rear, where the fixing* fnr the draw-gesr luay directly 
attached to it. In front, tin? ]i:-ido frame-plates tenn'mat* 
duah with the cjlinden, and are iaoUted from the boffar- 
baan, with tha elgeet of aaring tha aagiaa and gearing 
froiu all direct eoneussion in iliat ^oaiter. Tbia i^ tw 
think, very erroneous practice, as tbo fnmiag ia therebT 
ill [ r ived of the very Usiilmale accession to its «tn'.t:;ili iii 
the compact uaioD of tho cyliodifa and iaeide plali^s, so 
fiiUjf I'laa^iaid in Nou 4. O/Uadon aad platoaa an an 
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doalt nty dIm ii»t(Ms but • dwek that «miH J hto ef 

till' rvliii-lrr-rix.iiii:t wiiiiIJ Miiiisli tijo outer fi.jming twica 
uv«r, iinil It wuiilJ b«j lj!.tttif to cjjr^' ujt tlis iii^idot to tlio 
beams, -^nd tlms greatlv add to ttie alrvugth of Uie win li-- 
inmtt by wbicli <«Uisiutt«, otherwise de«lru«tiv«, might bo 
na4«Md hunltM. If the plan iua been fond gaod \j 
SllWIk, it cannot be wron^ in WiUou'a lianda. 

No. 6, by England, displays much ori|!iiiaIity and tonw 
•ound ]iru'.-tiL'e. The boilrr it t itjllv ilijtiiua fr.jiii tin' 
engine, aud ka at no point m duuuociiuu wiUi it, (iKumpi 
tlirough the eti-am-pipus; tlie eyiiudm Are bung bulwecu 
ft MttpU of traomnw pla4M, find (• Ui* ml* fnoiM. quite 
«l«ir af •ndMbn.anl mXfy wtmMtt Htu » 
further bi>und by the OMtisAf tits, ud by • oomprehenaiv* 
plate i, eorering the whole area in front of the cylinders, and 
L'jitt'd iJn.Mv. Tim lirivin',' iiilu is. Uowc vtr. iiiriiln with out- 
eiti« heAiiUg^ aud thcaa uoly; tbe object being, doubikeea, 
to eimpliry tbe franiiog, hf dlMliHillf tbe U8>iaI inside 
platw; ditMl connMtioa, tutM^f it Momd in tbit ir^, 
but the pndiw of «Ktaid« bearingi for driniiK uIm, aad 
particularly outside bearings alone, is now nearly oUmlote, 
and baa been proved by all experience to be unsound, and 
Wi: iiL'td olIv LxprfHs i-i.i|irii-L' a". Mr. England ever oooimit- 
liug sueb a bittnd«r. Already, ou the EJiobDi]^ and 
Glasgow Railway, within two years from delivery (US9^ 
Hub mgau it iratkiiig with ite aaaiad ccaab^Ui. 

9o. 7. hw StejilMOMm, h arrusad with mtiid* valvw 

aiiij L^eajii;.', — tint if, uni.Hi-Ii.' lli<; wliei-ls, Tlic fnitru> is 
d«uij]ts, ttiiti tBoiJu biifJij^s J'ur llic drsvitig a»l«», iwii uul- 
•ides to the others; and it is thorooglily bound by thi> 
ejrtindar-eastinga, which enibra«e bMb tba ioMr and oatar 
ft i aa-p h la a , and, with tha baffiwubaMa Iixhif%aa>ha»aw3r 
fira» oomeatioa in Inmu Tb» iwidia are bolted te the 
lirelBK, wbUih tnuiamH tba tractiva ferae ta tha davbia 

(Irinplat -a :it j, rimttfil wild ;iii:.^lf'-iri)ti I" tin- wli ilv wiiftii 
i>i iito buck oi tiie iirebux, mtti to frum tUui>iii<i-plAt«e. 
H«re the outside frame is quite clear of the traction, and 
a|wt froB tha impigpriatjr af polling tbi««)gh tha frabos, 
thbftwMkaf tiMtmataolidttddMMacJaHttMr. Nat 
so is the frame of Ko. 8, designed like the other for outside 
gearing, tbe inside fronirs are placed itisidv, between the 
Oiiiili^ Jiii tl]f L'vlirult'i.i, tl;i'5i- Wivri wiilvlv i»|'.irl. U> i'l>';ir 
out lor a luvf l<«>ii<ir; ihe eyiiuder-oaMtiiigs are <juit« separate 
and are bolted between the outer and inner frame-beam*, 
and tbata an bcaad in Snrnt aaljr by tha baffeii4Main, ta 
wbiahthayaraaatafallybaltwL tba driving aula Im bath 
Oatar and inocr beariiipi, the eccentric gear beio; placed 
batween the wheels and the outer franivs. The inside 
fraaiei are bi'ltL"! ti.< tlm t'niiu of the lirebox, au l ihc ilr.t'A'- 
plate riTetted to the bock ; and the end b<ram of tha out- 
aida tltm» ia bauud to it by the atrapa, u, u, eo that the 
pulls on the outer and innar bamaa at tlia driving nxle are 
" separately oouvejed to tha dnwplata, at mtl as through 
the boiler-stays. A* tisiinl. Iiruvt'viT. tin- iu-iiic bi'ariiii;< 
wear loose, tlie pull coiiLMiiitftitusi iu liiu outtr friunef, and 
ttiix', imperfectly trussed a* tliey are, and unprepared for 
tbechanasaof wear, abaka loaaa Uram tbair fixinfa both with 
that{yliDdata and Uw boilar. Tlia daa^aia, appmutly, 
did not anticipate those eonseqaenoea, Mid tliay aann to 
fakva nBad solely on the fixing to tha ioaida AanMa; as 



tha boflai^uaakalB do Hula nom than tart upon tba ontar 

fniniu, and are fixed to them by only onn liolt cacli. ' :iriiit<>h 
ihe wood. The cylinders, likewise, am liied tu dm uuUr 
ir.uiKi^ uitli liu: four bolts each, down throug;h the wood. 
I With these Ihiuiy fasteninga, it is plain that the engiuo 
could not hold iaii^' tu^ther; and in the *' Qofaa" 00 tho 

I North Britiab Itniimy, of thia paktani, the outer frame 
wwa hem tnm tha aylindan fa tlta nost regular manner, 

i-x:ii''.tv its llif [il.iy "11 tli<i iiiMilc ljijiriiii;c iiimii.'-i'd. 
diiitlU, uf Uiv Ki<i:viuuUvi; tiep.U'lijR'iit, {/btivium iii uiu cause* 
of the dislocation, and therefore niiaoquoiuted with tlie 

ipropar raaiadjr, addod » Sm non baka at tba iooaa pointa. 
and mnly gw« tho angina n littia nwi* to do bate* ndno- 
ii|g tha iraiBo to in nouted aonditiott. And ao iajorioaaly 
do rach imperfeetinn* operalo, that irilhin m yaar or two of 

the rJi.'Uvcry in Jm.t: 1819. th« dlivfam «da gMO* any. Hid 
wa« rephwed by a new one. 

No. 9, by StapbeoaMi, with an intarmadiiila aiaok shaft, 
ia, ia anr mind, n prtdiaally patftat fimofc Tha iaaida 
plataa nm fiam and to and, aad taha tho antira atraufaig af 
■ the engine. They are firmly onitod together by the buflop- 
beam, by the cylinders, and by transverse plate* before and 
behind tlii> lircbox. uu 1 j.iartii'ui:trly at tiio dt'iviii_- axle 
braringa; aUv atiitened by a weli-considered union with tha 

J outer kituKS, These themselves are made double with 
timbar, at iha aanying axle bearinga, a, a. Tha dnwplBiaa 
aio boand into tho raetangular spaca t baiiind tha driainf 

axil ",-li:»r>lH, 

X&>. 10, b) iiii'>\Uw>u, wiUi tilt! itutU v>iux-U fuu^iiuJ, has 
I outside gearing, just inside the wheels; thus the oyliuders 
and etanka ai« reoiarkab^ olaaa. Tlia iatide frameplatea 
aaab hi tha primitiaoalgila^ ballad hatwaan thoamokebox and 
InliaB, adih haaiiaga tathadrivfayaKl^aDd aUthaada* 
haif btoftn^ hi tba oatM* flraai*. To tba ontar ftaudi^, 
iiUo, is tixed tlu' ilrii'.v|>l.-itc. Thin is, purliaps, the worst 
combination w» li^vi; uuti«»d ; tiie centre lines of the cylin- 
ders being so close, the leverage upon the outside bearinjt 
and tba atniniog of the axis ara unontally severe, and ara 
ftirthar to titaaa d by tba aotipNm of tha tHMtla, and tba 
(aeiHty for applying extra pressure; moreorer, the aetian of 
the steam must pass wholly through the boiler-ttays to the 
(int-r I'raiiif, lii'.d tlii'j.j ars all that the l'ra:iip Ilv in di-|ir-iid 
upua fur sutineiAS, aa liie insides are cue ahurt at Uie «uioke- 
box. and have no connection with the cylinders and tbo 
bnffap-lMaai. Tlia oanantial malmiaB af tiiia bamhig baa 
baan Itally aapariaaoad hi tha aqginaa of fha North Brifiab 
Railway. The late superiiitendeut on ibis line, attempted 
to remedy the defect by takiusont the inside beariogs alto- 
j ;;i-ili.'r (!), when tlx' traiiics rti'w Ui [pi-'oi's, live crank axles 
broke in tbe course of two months, nu-l the deetrnelion was 
allayed only by replacinf; tllo liMrings. He also introduced 
goaseta at tho amokaboMtttjro ta atiffm thorn, but, lika 
Sm ith, ba oaarlaokad tha rtdiea) dafaita of tho OBginsa, whleh 
mere tinkering imuM uovit aiin-mt. 

In No. II, by Kiuuti aud (Jo., llie Imming is, upnu lUu 
whole, very good; the bearings of the coupled axles are inside, 
the action of tho engine is oenfiiMd to the inside framing, 
tho wholo b well and eoaipktaly liannd together. The only 
objoatkuMa iMtOM !• tha faitaipolatleB of tha aidaa af Ih* 
J fixabacB iteiiiUaAuMa; tha juaatiouwaaiidtiiitk 
!• 
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inagi w tlw akla fUAtt, vbiefa sn 1 in. Uiulc, and atrongty 
wiltod to the iraminf; aini make, m dmbt, ftTtry durable job. 

In No. 12, Mr. Gooch started on llio [iiiuci|)ifl ttiat lii»> 
boiler ihouU be the fuuutlatiou ul the eBgia«, and sm tiie 
Axmt foar wheels are hung in a bogie swivelled to t>io forp 
«nd aT the Iwilcr at a, he cot short the ocdioacy frame at 
tha barrsl atays «, probably also to give aeoMUMidaliaii for 
the bogio-sprinqs ; he crcclid a bufli^r-boain by plates an <1 
IwBsketa rivattad to the aidea of the amokeboz, aaeaan inside 
hmm Jbr thadriTing uui w«|i1mI liiad «daa. ftna it by two 
pairs of brackeu to the firebox and barrel, and rivt-t^ a doable 
drawplata to the book of the firebox. Hi re, strain jiajiaee 
ftinn tin Cjylindacii thraagh tho boiler and the brai.'kcts to 
tk» imid* llUH% and thence througb tha finboi to the 
dmphtoi. W* hiTt already exprMiad our Ji na ot bam 
the system of working throu^^h tlio builer; tlio deaigtier has, 
however, made the best of ti bv usiug it | lu. tubeplate, and 
i in, plataa for the lower side of the barrel and the front of 
tho ibebox, strongly double-ri vetting them t4«gath«r, plant- 
ing a atrong gnaset a, in the angle of the nmAebox and 
barrel to carry the pivot, and staying the bottom of the fira- 
boot to the ganot with a 1| in. tio-iod. Tb» diSoultiao in 
dumjof nntttringaSfatdai^nibr bq;b-ipa«l ba gio w ginaa, 
in this oountry, suCic'k iitly t xidalii thpi tnuuitional a^j'Cc t 
of this engine: a^^d ihn tturc^Mt with which engines ai dua 
class have be«n working on the moat difficult ports of the 
Sonth Dofoo and othar railways nill no doabi aliar iIm wf 
ibr aoroe obnou nodifieatloni. It nraat bo added. Hut tlw 
firebox-bracketa arc >u slmr'. .md form so Ao^f .i binding; timt. 
any play between the boiler and the h-iknm m aiiiiost inad- 
miasibte. 

No. 13, by Sturrock, is subject to all thtt oljMtioas to 
Ho. 10 ; and, with three conpled axlea, large cylinders, and 
outsxs.' TrJitiiuiL', it appears very imptlJgalljr^uUfildtolHit 
tlw urdinarj working of tha ongino. 

Nob. 14 and 15, hjr "Buj nd hj Shup, n» «scen«ii* 
dfsiijin i>f fracning for gniids-eiiLrines with all the whwio 
cttupicd. Ttte frames are strtcily self-contained, siuipk and 
direct, and receive and transmit all the straining within 
thefflselvea. Of the two. Sharps is preferaUe, as the cylin- 
der! are m«r» tboiooghly anitod to it, tho framing itself is 
.tinipler, .wd the two plates ar« bound together by trauavursu 
stays, muioally stiffening each other, and thereby making a 
ligHtar ftnuM aqinlly strong with fiury^a, «( wlildt tho two 
aldn an atiff ono^gh to ba indapondant. 

Outnde-OjfUndtr Fntmin^.—Vo. 16, by W. B. Adams, 
1» wry eimpiy arranged, and directly connected: two plain 
bara from aod to end oooatitato the aido ftaaoa; aairyiog 
tho ^faidon, and with inaidoiiMnnga for tboulso. Onthe 
.iniaM floale nf this cngino, loss tlun 12 tons weight, outaide 
bearings lui iJte catry ug axlo are perhaps not worth provid- 
ing. To Mr. Adams is doe the disthlgltillied tOMlit of 
hifiqgoijginoted the modem light^vngino O^Mani, aogMI^ 
roiniy and ao ably broaght forward by Mr. Somnol on tho 
E^^lr■Il) Ci>iinties Railway. In Nu. 17, by .Siiicl;iii, i\w 
fraiiiini: ir< duublo, and the oyliulani areboit«4 tinitiy b«t.we«a 
tiio oilier and inner pbtaa; thaaofiatae are further bound 
by the smokebox and other tran^irenip plates, which form a 
oompleto bond. Ontnda boarings ar« given to the carrying 
acian. Ho. Ui by Sharps hM ptaia imido frii»io|b with lU 



tho bawi^gi iaaido; tho frsmeplAtea are atnag^ k. 
batwoaw tho oylindsn with » boriMtal pbie nnm* 

nn^te-iron to the frames and to the Fmokebos-pUui 
No. 13, by Hubertaon, and No. 20, by St«pb«i»it , 

inside bearings, aro well aad •implj pat together. 
No. 21, b v OramptoD, is an •labontod fiaa^ii;' 

and good. Th* oylindoni am J 

and bdtcd iHitwecn the pLatos, wliich are widely i - 
the purpoao, and the niwibttr luid puoitioD of trai^ir>m e ^ 
eoofer tho mat pwfiat rigidity. j 
Noa. 22, 23, by Duddiooni, J. V. Goooh. and A i j 
are varieties of qu« goieral design ; outaide eyliodcn ia ir : ; 
slightly iiKlined over the leadinj^ wheela ; double (tv.z, 
with ootiido baariaga to eanyi^g maim, vtimM b»a% 
to aadi, and mdapaodant of tho bofI«r Ibr ita aadao. Sut 
is a comidieaiod article, and inflicates oxct'-iiivc r^x-^ 
in ooveriug weak [M>iiit», uotwithat&utiiu^ Hhisii thenj: 
great defect: the indirect oonnaetioo of the cyIiii<leD<: 
tlw driving axioi thot^liodan WW phuilod ofwaailw 
with anogt into tho doultio juttoB of mtttUU ^wm »,iik 
Iliads iiuHbcn-. In particular, and wliii-li is bouud ImUt.. 
by platea and aoglo-iroa to the iaaide finune o, eanyii|iit 
udfc ThaA«ttinf batifljboaDda*. MidhotwMBik*<it 

ders by tho siiiolcrlKix-plates, and tho inaidea ar-^ ij= , 
icuwl vt'iiL a, tiiickufaa ul luiiber aixd plate, betMceii m:f- 
box and smokebox; tho outsidos are atifTened in tba:^ 
waj ovor tho oanrying axles. No. S8, liho 211^ ritimpK 
imfiatatioa t it ia, however, simpler mod ia dirootly enan! 
Th-! fraiiici is complete at llie front, jt; Jt-pLiidcLillT if Vr 
bulb r-bcaiii ; the inside plates are oiugle, aud ^vr 
by a <^'v>nii>.'i:tion with the barrel at Biid-I<'iii:t)i ; \\»s v. 
also deflected in iiont of finInK to pass clear tlm^k 
and are bound at these weak pointa r r by a tranaven* 
TJii-:>u deflections are objectionable, and have been ixui^ 
working to g^vo tai^j Uugr ia alMnt, caaaa of iukm 
oonnaetion, and tha haoa hradcoto at «>. % omplofadtoitifa 
tiic i;t :iii- franii», uil^dit havo bitii applied with 
advanu^K iii str«3tj;lbvuiug ilut lun'tdoa. lu So. H. » 
frame ia radooed to the simpleat form conaistent villi <«■ 
aide Uniiagii. ovatythiqg ia dinot, and dolly atiAnalni 
anglo-iroB. 

Ni.^. 25, 26", 27, by Sinclair ami by ,\llaii, arc oi.'ss i 
coupied goods-engines; No. 25, a taak-locomolir% <"ii ii 
intermediate abaft, haa a trj ainpla Iimw aad dirwt ^ 
neetion; the gearing being entirely on tho outside, ^tak ' 
are ingeniously formed upon the frameplate, to wkid dt 
bodies are rivetted, thereby stiffening the frame, and iofe 
seding tho ordinary tiaaaratao tiaa. Wo should foA'a . 
independent ftanw, and iaoiatod tudta, at fiMif ^ I 
costly, mijr'j oorrt'ct in df.siijn. and more rr-adilv rejaifi^ ' 
No. 26 i.s a eounti rpart of tiuarp's frame for inside crlisl"*' 
No. 15, anil it !^iiaple and good, as it combines theessn'^ J 
of a diuahlo and economical frame; the out«rao{^»4>*''> j 
ia nwraly orarbang to carry the footpute, and form » | 
of tliit franiu [.rofwr. >'■>. 27 i^ a very eoinpltt* fn"*- 
dtrecily and firmly connected, with outaido fnwttV"" ^ I 
take the leading axlo joamah; theao plilaa wo avn"' i 
the whole length of frame, and arc bonnd to th«cjliiiif | 
aad to tho inside framing, with angl»-ir«n. Tbus t ili'' 
ligh^ and dui^ fiam* ii ohtaiMd. 
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CHAPTKU III. 

PrTATLS C'F THE Fl:,\MI\ 

JuB loDgitudinal frame-plates are most commonljr of sisgla 
^'<oii Imm, mttlft witk A»mtm»rf f fprnj a g m fcr nttifriag 

o vTiiulcrs, ail J fctm'inf: the axlciriiaHs nnd junctions of ih« 
[■.aruing. The inside bars aj'o of a recl.insiiUr section, vary- 
iig from 6 by 1 in. thick, for lighter Pii;::irip? of 12 tons and 
.li«nsb<Hita, to 8, 9. «r 10 ia. deep b/ i to li in. tbkk. 
rhoM MottoM «i« obammd «i)j«lim tbm k m oaaneo 
".o depart frntii llicrri : al llio cylin icrf* tlio ilt:j>tli in»v tt- 
increased, and may bo more than doabled, where a »I'I<' tiaso 
,1s required for fixing thm, tain Fairbaim's engine, in which 
I'tho eylinder-flanges cov«r ft deptk of 17i in.; the plsli 
"itself is 25 1 in. deep to aiKwd a eloar eonjunetion wHIt ths 
siiii"- and Ijottom plal<.'!< uf llii' iiuokcbox. W'Iilii llii> cylin- 
ders aro outside, an a|iertare is made through the plate to 
^ admit tha ^tin-AaH w tlM intariott vr, (bo phA h* 
«ntir«lv under-cut fnr tlip purpoje. as in f'itictair's txri]<- 
engine. Other luiUitsrii, as KiUuu, ai&k» no (luiiirc-iu'C' on the 
'-' frame at this part, and the cylinders are simply suspended 
' from it by flangee. With inaida eyUDdan ind oat«d« valv^ 
■• eh««la and gearing, tlua is tha moal aaBiauant phii, and It 
' i\i<' glviMi fri'tvlniii fur (]«' liuvjinn of llw i^jllodaii^ vlialhar 
» the Talvechests be in or outside. 

K Ootwila aylilidars wlitdi an Indined upwards to claar tha 

leading wheels, are let into one or both plates of the frame 
i from above, and bolted to it with flanges, the frame being 
I duly depressed to receive them. 

Tha outaida loogitodinal ban aro aaoalljr of th« aame 
I Boelioii aa tha inaideai aometimea muA tbiimer, in wiuah 
I ra=c tlipv ari^ stiffened. Atl.iri, ami Stcplii^nson, uaai in, 
I piates, with binding of 2i nud 2 in. angle-iron. 

The thieimaas or tha depth of tha jriataa ia In aome cases 
inaiaaaad at paito aipoaad to tha gtaataat aliaiB. Allan 
thtekens the inside plates from t to 1} ineh at tha driving 
a\U'. lor tlii^ full l(>rii.'th In-twi-en nhi:.'liliiiiiriiii; iransverse 
Stays; Stephenson, in his latest plans, makes tlie depth one- 
half groalar. Bttddkomaddaaaaaondplataftomflnhoxto 
sniokebox with a ply of wood between. 
Some makers adhere to the compound of wood and iron 
' fcMT outside frames with inside cylinilr-r>: a l»'am of oak or 
' pitdipiue, Dsaally 9 is. tbiclt, between two A to i in. platea 
^ halted together, aa in FatHHdmV and D. Oooeh's anglnai. 
' The ail(",-iiards arc fiilu-r ^itx'-i\ upon tii-; frame, and of 
" the same tbicknesa, or are bollod m tH.'parately. In eingle- 
pkte ilama, iliert gnards, or such as have the centre of the 
I axle aot materially more than 6 in. IhIow ttin lower nide of 

• the frame, may be forged on, — drivliip; axUi^imrds, for ex- 
anULL'. WhtTt liic -^nsi-is aro iniirh IoIil'it, those for 

' carrying axles, with low wheels, they are, with «iii{gle- 

• plats tamn, umnI eaonnonl j made aaparataty, aaoally in 
tiro { or f in. thicktiwM, and bolted on tngi-tlwr. nrif on 

, eacii Bids of the plate; the two pieces are bouud togtiiier by 
I the sxlo-i;uides and by the foot-tie, and are stiiTer than a 
f *<Bgl« pieos of their united thickness would be. Bind 
f tarrying axleguards, though usually double, may be of a 
siti^l- ? ,r. platp. nts used by Allan. For the short leading 
gaards rtquired in bis frames, a single f in. plate is also suii- 



aiaal, ^Ited to the ontrfde fram ing. In dauUaiplated timber 
fnunse, all the axlegiiards are formed InaaawiA tha jdalaa} 
being of thin plate, the long guards ahooU be spsH aliflimad 

by the axlp-uuiilps, which shnulJ bo carrie'l up lir-twc-i^n the 
plates into the timber, and well bolted, as iu Fairbairn's 
angina. Lsadhg gaatdaaf <Mn |ihtaa, sriian netna atHfened, 
reijuire extra thicknesses rivett«d on outside and inside. 
Without stilTening they always fail ; and the longer the 
I guard, and the unsteadier the motioBi tha mora npidlj tliaj 
j doao. Aslightiacraaseof thi«ltMVgifaayi«p«rtiaaallja 

I mneh greater incfaaaa of alnngth and alaaffineaa laterally, aa 
tlifl Btri^n2:t1i increases as tic:' ^ipjan? ff tlic tliJoliuoss, and 
i.!jfl stiffjiPin at the cube of thickness: an increase from f 

, t» I in., for example, nearly donMaa tha atnqgtbt and it 

II mneh more than doobles the stiffness. 

" When gnards are forged on, the frame, over the slot, 
should Iw? of thij r<';;ular depth, at least, aud raided if neces- 
li sary ; and the outUue abore and outside the guards, should 
b*«ell roonded and gradnally lOM in. Sepanto gnards 
boltpd on, should also have a wide spread upwards, with .•» 
landing ui S to Ujt feet on the frame, and of it.3 whole dtptli, 
and fixed with twelve f in. rivets. 

When the cylinders are outside^ the leading gwida, thoagh 
carrying, may bo forged upon the ihuna, wfcatliar flue be 
inside or out, as in Adams' and Sinclair's tank-engines; for 
the frame must be deepened to join the cylindera, and may 
be extended to join tfao neighbouring gnatda, which are by 
so much shortened and stiffened. The same may be done 
for inside leading guards, with inside cylinders, when the 
frame is duly deepened. 

The inside framaplatsa ahould be formed to eonnaet tha 
qrlindet* and tbe driving axle aa dinetly as poaaibla, and 
«uch that Ihf cfrifrp lins of ar'.ion should hi sidi- clevatinu 
I fall vviUiin lii«ir (>utliue: as m Fairitiiiru's and Crampton's 
I engines, in which the frame is in this reepect perfaot;«and in 
< Sharp's gooda^gina. In Kitaon'ii ai^na tha linaa an tttj 
I mueh ont, and there nrast be eonsideraUe transverse strain 

j on tho frame; in Allan's, also, the centre lino falh below tha 

1 frame. As frauicplates are in one piece, aud are stiffened ia 
j various mja, and aa the aylindian niaj ba diraelly and 

i solidly united to them, »hi« ohji-ction of indirect action is not 
felt in practice. When tliu U!.-jrlng-5 are all inside, the ob- 
I jections may be removed by binding the lower ends of the 
goarda together ; therebj troaaing the frame and virtnallj 
inenaaiiig its depth. To do so elBeiehtlv, stiff ban on «3g» 
shonid be applied, chocked ujion atid wcli Iht'd an I holtod to: 
' as in Sharp's goods-enginr, wlivrti 2.1 iiy it in. bars an- ti!>ed, 
I and iu Adams' and Stephenson's tank-engines, in iIk; lac;or 
j of which 3 by I is. bars ata applied. In these enginee, where 
I the cylindera are outside and behind the leading guards, the 
bars afford au additional attachment for tho cvlindor^n. ami 
greatly add to tbe general solidity of tha structure. Long 
agoi, Baryset an e aai i n il a in Cihe oorapositionof bia aide fnunas^ 
In siitni' engines, as Kitson's, thenut-iid" Ifa lhi:r :zuardsare 
lit-d lu llio ttuffi-r-beanis to relieve tile frame ia r!'!-i»tin^ con- 
cussions; this is itarticnlarly nsefal, where the ceiitro lint' of 
the hnffna ia mueh below that of the aide plates. Outside 
fore and bind gnarda are, by seme, tied longitodinally ; this 
I is not w.antpd, as tiielr lon^itudlii.il strength is .ihiui- 
I dant. The two feet of each guard should in all cases be tied 
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jXi^m orflMttofpdirelnl vpm wd MM <• tliMi^ and | 
whwitliHMiJiM* i a i iik,iaBlipdrMyin<hyMfdwtaj;D 
b« bamd Ummmlj, if ni$ MM to tli* ^ tU*. lu in 

Sharp'i poocU-«npine. where tie-bare 8} h\' 1 in. an- sppli'' !. 
TbuA the Uural strength of both gaarda is combined, &ii>i | 
this is an adrantas^ uuaTailable hy oatslde ^ards, as the | 
w]M*b«i« im Ui*w»jr. For UwwuntriMO B that Ihtmatdo 
ftiariBg AuM nm Ij thowiitw liat di» mi^att ih> ew. 

nl* t» tho dtftuW. TIm liMtini'KiM ahoiiM bo fntlM 
to the reil.taDtiMDttiB«ulllMfdlh*4teilMiM«fdwlM«l ; 

on the axles. 

The lon:;itudinal9 are boand tranarerselv at sereral poinU ; 
pwlicalarljr at tJu igrliiidMi, tJu driving sdM, and Um draw* i 
fw. Ii^«9lliidMimka»tnt>MtabMi4fctiinUlaiilaii«^ I 
■••Ind^ nqphtaMlkaBd, in Stcpbraaoo^k mgfatt wHk ovi- I 
■Ma Talradiala; Um eaathii:i are joined alno to the otttaido I 
plates, and firmly onite ilii? nii')lp iViiii 1 1 ; wlif-re this ia 
not done with double frautiug. ctiicteut juoctions at tli« 
eyiintlnrs should be effected with tho outside plates, as in 
Fabbaim'a or Kitaoa'a angiiia, to tonifjr tlio wliola ■tmetar* i 
agaiaat anNwriom Whan (ka ^liarfaia ai* ovtaMt^ tha | 
ioaidv (dates, deprired of their aid, are strnn;;!^ bound by ' 
onn or both of the smukebox-plates, as in Sharp's and Bud- . 
dicGin's eiijfiiH t. ; nr, wh ii ii In itiT, by tho tnlniplnte and an !j 
extra plate at the extr«*iri(; frrint. exti-ndiNl to juin the unl^iile | 
|llatai^ as in J. V. Otmch's and Allan's. Eaher way, iliv I 
liana ia aoiaplatad in that foartor iadepandeiitly of tiio 
teffar-biaai. Ontlide plataa, iriian pnialit, ara firmiy bound ' ' 
to the in.^idce by the eylimli-rs, with flati;!;es. Itctween the \ 
ryliniiersand tliedriTingaxle.about inid-wi»r. the nm ion-plate, 
OT '• belly-Bl*y," is placed, l>«in<;a tritii^-. > rsr |il ii. wl i •.. uilli | 
inside eylindeca, earriaa tlia guide-bara, anii, with outsith-j', |. 
marity biada llu tnaMplalta; and ia, in the latter case, sup- 
plaoNoted by oatariar plataa t» MTijr d>a Ui% anrhung OS in 
Sfaicbir'a foedi^giBr, or bound latbaoatar plataa when prf>- | 

sent. .1^ in .Allan's. In tht- fornu i' hL'ti' thi-n- nr.' lut- I 

sidii plato*, there are also tMm itiu-dui^i lo qliIq tltuu ui tli« >l 

(Dsidra. Behind the driving axle, in front of the firebox, |> 

another tranavwse plate unttee the inside plates, when those '} 

are enatinnad paat the fin box ; if they taitniluUo there, i 

biaekataamin«ttad(ot]Mfinbogiloholdtboii,aaiBWikoa'8 I 

attffna. Bdmid tba driving wheeJa, also, ovlaida plataa are , 

to the insMis "v iu tin firebox. Lastly, the end- | 

^uiiln binds up tlio frituiu U^kiuJ, lUld draw-plates are rivetted i 
to it and to the side frames, as in Pairbaim's and Allan's 

aaadcB^aa ia8hafp1igooda,aadOlnmi|it«a% bnufoff a | 
•art it dfbabaatber. and oaaM tar foUiaf tbe drawb.v 
wbtn antarad fer eoupling. Whan tlta bind azTa !■ ooupled, ^ 

and ihf |>lalc'< r:irrii'fl mil, ■\ ]in_ [i.v.it i m f if a single ' 

traosrer^ •priiij; u inade, in Allan's goods, by a ooaple of 
transverse plates bolted to lha gitidaa, I* vliudi Bf^g^us- 
pandaia aia boltad mtd'^aj. 

The Cnagaiaf b tba mfft of tiu beat axittfo; fmetice. 
The tran'vrrxe KUiys I<ic4>trd b«lween the firebox and smoke- 
box, are by some replaced by imiircct isolated stays from the 
boiler, as in -I. \ Stephenson's outside cylin- 

der eagiMai but the direct junctiuu of Ilia frauMpkatea ia tlic I 
£iai«^a«t, wfaiKaanatuiGiiyiligr, tbay majr vaiy fn^ | 



perly banada to ambrace the lower p^ of tiir bnrrvl, and 
be riretted to it. — at least aaah aa are distant from tba ir*' 
box, as in Sharp's <:oods. Or, mfntf may be thrown out 
fr.im the barrel reslinj upon Mli tiU .1 i i il f iiio(ir.n-|i!.-ite, 
aa done by Allan. Direct junctions may be dispensed with 
in li^ht M)f;in««, as Adams' and StaphaHOO'a iHlk^^gin^ 
and fixisgs to the boiler used. 

Tba traoaranM plates properly finnin;; the frame, ara 
nsually | tfti iB.«bialt,of at laart thafalldo|ithaf tbaaidea, 
joining ibam with knaia, and fomMd to aalt tha ahiatiou. 
Allan inoreases the front plate fmin 9 to 13 in. deep between 
tbe inside plates. He lunis a 'li in. flan^ alon:; one edge 
of the interior trausrerse plates, and makes them witli 9 to 
IS ia. knaaai ba atiSana tha oater ones with 2k in. angla- 
iiwi and aba iwnsliaMof 2i in. angle-iron along the upper 
ad(«aoftliarida)daitaai>haB flraatoraoaiTai^aad Una tha 
aniclo-inm with I in. rinte, S to :H in. ptteb. Tn Sharp'^ 
goods, tbe two middle tranitTci-t | l.ii -i ll in. tli :W, 
eqnally Svt oQ° botween the axil's, &n<i ui wiiicti liia tu[triMO<C 
is also the motion-plala { tliajr are both rivetted with an^le- 
iraoa to tha b«rr*i« and jaiaad with aolid ahoat to tba aida 
plataa. TbayaMtuHiaaally tbi«k,aa thaapaa fmaiaoba- 
box to firebox, 1 4 feet, it anmualiy gmA, and tba actioii «f 
three conpled nxles is thruwn upon tbii part of tba fiama. 
In Sharp's tank-eu!;lne, with a luf ft, barrel, thai* ii bnt 
one traiiKverse plate, i in. thick. 

Motii>n-plales for inside cylinders are f to 1 in. thick, 
riretted to tha aide phtaa thair (till dapitb, aid to tba bamis 
tha ilda plataa at« ia tona aaaaa daapanad at tha janetfoa, 
to lerythcn the attachment, ivs in Fairbairn's engine. 

Openings are made in the motion-plate to clear the con- 
neclins r<Hls, and tin' 1 1 ^ t i;: n;'-^ . :irin:.'. i. ■ i li vr i v niueli 
dividi'S the plate at the middle; and, lor ecunoray, Fairbaini 
makes it in two pieces joined at bottnni with a bar of irvn ; 
1). Claaah aad Wilaan baap tha two aidaa diatinat ; Sharp 
and otboia inaka tt hi ona plata. Whan aoatinuona at 

bottom, it Mipji'ii I" ill" i fi-fii:.-i.--i 1 1 en K in ease of a break- 
down. Il IS iUiijjiirnid Uv arra:iyiii^ the eocentric-gearin:^ 
Bo aa tn fall short of it, eapecially if the shifting link-motion, 
with stationary ralre-rcKl linit, ia applied; for it may in tltia 
case be carried clear orar tha gtaring, as in Allau's angine. 

Tha juDotiom «raataiitpittM vttk tha inaidai, ana nada 
at the enda. and nHwIly nt thrae ocnvanianl tntamadMla 

iiiarc'?', X-S lilrt-ad^' -Ity?!:! iiit-il. If i;i;ii,lc with outside bearin«pi 
lur drivmc or cuu^iled ajLixs, u lii>')i ii:;;i|M us only with inside 
cylindMV, the anion most be verv lUoi':;. Fairbaim, in hia 
paat«igai>4nfia^ fita a 1 in. ptate, 22 in. long, between tba 
oBlar aad iaaar tintphlait at tka ajliadan. and tiaHa 
them together with two Ubw af Sj- in. aoglMron. Ha alM, 
like Sharp, extends the smokebos front and tubeplatea to tlio 
KutsiiU'i- : .I'lilt \viri_'3 tn the iitotionplate, I in. thick, and 
welted to it; and Hveta wings of t in. plate on edge, of sreat 
depth, to tha aidaa of tba frabox; rivetting them all with 
anglo-iroo to tba top aad iaaar aida of tbo oatet fiamebaaaH. 
^Vh•B tha ovtilda baaaa aM (rta of tha drivtng atla, aa 
they onght to be, tlie junctions may bo efficiently made by 
siniple extensions of the boiler-braeketa. Cylinders outside 
iirLk> a ih Ml Mil ■), Junction in front, and dispense Aitli 
brackets ; and their iDotioB<plataa do tha aame towards the 
BiddkaaiaAUaB^ai^iaa. At thia p»i|tt| Kitaw iaaaito 
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two ahnrt aofon p1atef>, on e^-^e. | in. thick, the whole depth 
of tile Eiii'T plate". Si 111. .iparl. a.Til franifl witti ;t in. :iti:;le- 
iron. At ihu fir^tbox, AlUu iusi»i-ts a short i iu. union (>i»t«, 
on ed^e, joiniog it with angle-iron ; in his good»-«ngin«, 
wbara tli< ooopUag roda nnat be ei«aMd, b« wm 00(7 mi^ 
iiM UtdiHf; Tk* 6«iit taanmHiM af (h»aM* f&Ma dn 
not, with ejliadm intitf*, reqaire binding, ind an wvmlly 
boUvd direct to (he bDfTer-bewn, with fl»n^;es tamed od thern, 
or with 3 in. atiL'lf-ii'nn ; with fint.^idf i-vlimlcrs, All.m j"iii'< 
the insiiif piat«s witb flaagra and the oBt«r plates wiUt 2^ in, 
angle-iroD, to the front pinte, to which also the buSer-beain 
iaboltwl; •ndtoc«BftiMth*din<t baffiogMtiMiiriUiiii th« 
Hopt <f tbt iniMvpkiM, whM an iMntd to wntt 
h, well w to 4*v«l«pa the elaaticilj of the beam, it i« 
iMTelUd on th« hiaSd* fer a length of 20 inches at each end, 
toitandclwirof tliem;-,. r I'riniing. Buffer-bf .im?. arc usuid v 
6 ill. thick, 16 to 18 lii. and 7i to 8 feet long: and 

tlie injiide tianieptstes are d««(ivntH{ to 13 or 18 ni. at tlie 
juation with thMB ; Hutj mw nmtiy «f Eogli^h oak ; Sharp 
inaki«thaaiarC!llglkihrfld,andFdriiMiii.ofpitehpine. Tiir 
hind end of the frame is occavioiLnlly nmde with a timbrr- 
beani an in front, bat iitostlr willi iil-iti nv-ett«d to the fide 
platen. DrawplaUc« are r ii;]>i:-;r.:i nf thii fm.'jilato nn I :i 
second plate below, or of twit iiiKtiitet platea, etiitablj ^art. 
} to i in. thick, and 15 to 18 in. wida^ «r Wn; thlf an 
rivatiMl to Iha aida platan wiih flasgai «r aiiel»4iw, and 
mad* op with Mtr* titlaknaaici roand thadiawM*. Whan 

the draw-' I:iti'> irr' Ihrrl f s lli" fir. lir.x I'k v slir.uld b« 

closclv rivi;U»,'J U it, aioiig il« wlwle vvisitij, «nii £lanje» or 
anqle-lrons, to difTti^r the Rirain by traction. The drawbolt 
ia 2 in. diainctart wmaiiiiica «r 8 in^ il tlM pteiaa an 
tridalj apart ; H abaaU ta nada with a ahallaw haad. I in. 
tliiik, and topawd at tha (Mint to aatcr easily ; and maj Ix 
•ccnrad with a ««tl«r Mtm. T«a aaCetr-bolu, lim. diam., 
luny '>ni«red, oncasaaahaidaofthadnmbaltiitoiMaive 
the Baretj|--cliaiaa. 



CHAPTER IV. 

Will J ^^ XVV .\XL!:,-. 

A^^U-i' AxUs auuisj^i oi Ujfi!© Ui*t:iicl j>Af$.»; — ^thebodv, 
or aliafc; the bosses to receive the whveln; and the journals, 
or bearing^. The principlaa htnil*ad in tha torm and aon- 
■tnieika of asi«e, lo as to aomMw Ui^rtaaw, aMiglh, and 
dniaWli^. will b« duly taaridarad whan wa oama to th» 
aokjatt of earriap^; ineaalima w» liaiia to ndicato the 
usual brni r^ifl liinu umi ii'* of.-ixl^ H for laaaaiatiMa; asdto 
add some ci^maik: oa ctmik a<ui«*. 

Ordin.iry carrying axles are commonly of oniform dia- 
mater in the ahafi, batwaen tha whaabb 4i to 6i or 6 inalMa, 
ncMfdIag to tha w^l af Ih* aughia, and tha land an tha 
whaab: — OMially 5 to 6i inchca, for 18 to SO-ton engines, 
to Btiry's 20-ton fMw»enf;cr-engine, the fore and hind aitlen 
irr (i .in 1 .'1 ill. : in I». (i„i,i-li'j taiik-eiigiDc of ;>(:■ I'mi-, tho 
i>ug)«>-ii]ki<!3 are tacheh; in Stephennon's ligiit tauk-en^ine 
uf 13 or 14 ton», the ciirrviiiL' axle is 4| inehea. 

Stoaigiit driving ulea, for antaida ^lindnt, an fnu 
4l to 6 inebaat miat aoamanlj « faHhaa^ to aUaiaM of 



I engiaa. Oranic aslaa, fcr tnaid^ ey I indcn, ara 6 to 7 inchaa 
)>('(vv>-i'ii thi> cranks ; usually 6i inchae. Coapled axles are 
of the same diauiet«r, or a little less than the drivers, 
uaoally 6 inches. 

Tha duaka of crank axlaa an made aa thick aa tha da> 
aignaf tha nadina adwito aj aaniia wd y wilfc tha apaaa 
reqnirad for baarwga batwata thawhtcii. Tbaj an utoally 
rectangular in leetioit, 4 to S in. thieic by 71 to 9 inches. 
P. •i'.M.i'ti. in lil^ tjink-*ri;:in('. nn tlir 7 T' St gauge, where 

1 tli«r« is plenty of room, xaaket tim eiimk» 6 inches thi^, 
and 9 to 11 inches broad ; and slopes them apart from tha 
dink pin towaida tha axla. aaitiiif tha wboia tytUa m 
Mnlyilgid m fntoala. Hawthorn and atbm atwinh an 
lioope of wrought iron to add to the atiangth. We hare 
already shown that the ootnparotire weakoMa of erank axlea 
i.-i ti> III- a.<iTibe<l to the radlo4il err* r ■>< iinptising four bear- 
lof^a upon them; and we believe that no power on cartli 
wonid Mve them under such conditions, Tb« tnte policy is 
to ooafina tha nnmbar af baoriaga totwoi ind to plaaa tham 
jnat oataida tha analta, aa adaptod origlnatty and adband 
to by Bury. 

The insida bearings and pins of crank axles are nsually 
■ji tin' Miiiiti diameter a-i ' lie Ixxiy <if .ixlp ; tli.i br-irtiiijs 
BonieHimes, a trifle lesa. the pin* a trifla more. As crauk 
axles fail usually at the pioi^ it ia adviaaUa to make tha 
piu of a Isrga diaaatar. Tlio pina aia 4 to 4i iaebea long, 
uiiiially 4 indua; <h« iwaringa 0 to 8 inaliaa lonz. and by 
D. (jooch 9 ii;nln".. Ifurr atta.-tic« :;roat liiipui-taiica to 
, length of bearing, which lie succeMis in making 8 inches 
by phicing his cylinder* and cranks as close as poasible, 
and aeuing out the wbaal-ttafaa. Fairbain, in hia paa- 
a•ag•r-angiIl^ haa onlj 4 iaahaa tcnflh af inlda banriiig. 
as be atto oat the cylinders and cranks as widaly aa poa- 
sible, wilb a view, we presume, of keeping down the height 
ol ilif boiliT. he, l.mtcvcr, like Sharp, depends opoii h':n 
outside bearing also. Stttrnck, ilt his gooda-eoginee, relics 
almost aatoalr an tha onlaida hiat^ af tha Mfing 
axla. 

For antiida ^findMitha annhpin ahanM laaaabent half 

tha diameter of tlie axle, and tha langth of journal should 
be a little mora titan its diameter. It should be made with 
a very slitrht tajwr, let into a ilci p .md ivcl! t'nrtified 
boss wrought into the spokes of Iho wheel. It may ba 
keyed or cottered into cast navca, and rivetted over on tha 
and in wioncht na*aa{ tha botOi wlun of wraaght iron, 
OMj ba haatad to noarae tha pin, and to shrink apon ft. 
The same sites of pin msy bo a topf.i ff>r (>ijn|ii.-cl wliarln, 
with inside eylindm, ami in thu ca'te, tlie nblml Jistancw 
of thf pin« ii n,Miinn;j!y an nn-li (ir two greater than tlie 
half-ieugth <jt' the utroke, to aid in rdieiring the coupling 
rods uf the fatigue peculiar W thoir aitaation, when tha 
oaaplad whoob an irr^gnlarif woto, and balla aach other. 
Whan tba ejrlfsdaiw an outside, and tha wbasis coupled, 
the pin of thi- flrivici^ wheel must bo ovi'i hunL; ti, ridmit the 

I flonpling rod tmxl wheel, upon a journal a uttle Urg«r 
th.^ii that of the connecting rod. 

The bearings of ooapiad axlaa an mada to tha sama axs 
aa those of tha drivh^ asla. Tba htanlogs of ainpb omiT- 
ing axUa ahonid in gMsnd ba oatoida tba whaab, aa thejr 

i may ba uda of a ladHad dtanater, and an mon amrani* 
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0Udf plmd tliaa wh*D in»ide. They are 3i to iaAm 
ikmiu, inaUjr * imimx «m1 6 to 6t inliai knf. 
The tioHM fiir dia whMtt •nurakny luad* 1 to li IndkM 

larger In dianutpr tli:iti llm ncighbouriug bcAriog*: aiiil At 
least u IwgB an Uic W i v of th»ftxl«. usually l*r!»er, by i mch 
or more, so asi to receive the keys wl.i^'h fix tlisi wlieels 
withmrt wnkeoing the axle. A large boss is adrisaU*^ 
alaoh I wMB W tiM iMgtr iIm diameter, tho moro liwwgt ft 
•brtoQilly hw upon the hIimI, aod Uw iinMr k llw aNMe- 
tion nwl* by the keys. 

)r7iir7y. Tlie wli<'eLi cniiflst of ths natre, the spokfs or 
• aroja, ths riiu or ring, and the tyre or hoop. WiiefU ars 

made frequently with wrought iron rim and *pako«, hii I r;t'>t 
inm ra*M; bat amt comiwalf «f moogbt inm (hrongb- 
mt> «h* MBlnd «wfa «f thvipSkw M^g weUid to(iA«- 
to ftm the nare. The solid wramPlt bw wlwdi <liiig|li 
nMTC WMtly, is now generally preftrred to tlw «rhMl uritll 
cast nave, &« it in ^ruciiil/y i<trniijiT, lislit'jf. ntnl more 
durable. For driving iuiU Irasiiiig ^vliwl'j, vth'mb Unw tough 
work bofore them, aolid wrought naves and cpokea are aIn)o»t 
la all OWM MwU For iuod wbmU m b«liwr» «Mt 
Miw wlK gia i i ti jy pud* IVJiiii cut hmw 9n nvd id inmti 
tbt tjiokes are nsaOj femd to hammer lni:<^n m tho nare ; 
tbongli if means be taken to «e«ure a thornt^'li niiiou of the 
sjnikc-CMls with ll.i- iiiali-i iiil nf till- II.1M-, liv [iri>|it-rlv lilviil- 
ins; tln-m, anU eltiaijiii^ au«l Uvaliu^ lh«t)i in Ui« uiouiU, with 
oth»r precautions, the east naves will stand well; and if 
basidw the metal Iw tonghmMd with mi infiuiogi of wraogiit 
inm prior to bring poviitd int» the mould, ft w h m l jddi- 
eioosly so made will bu found pra<'ti'-;illy n«good as one of 
•olid wrought iron. Very much h dvn t ) <i mlity of manu- 
facturt : evc-n " »ol.d '* wrousht iron whut-U aro jioi n-aliv 
solid in the nave, for the shrinkage of the tjpre, if oonaider- 
ablv, may b« obcerved to redneo tho lUomoItt tt tlmoy*, 
Wnosfat irm biadii^ hoopt ihraBk «b east navM are 
henslidaL Solid «mI ivM wiMilt an a o oo n ifully employed 
by Sli3r;> in hia f OOdi OB g iliOat tbOjT MfOT BNd Air 
higik iipuoiia. 

The depth of the nare ia u^unlly equal to the diameter of 
the bos« on which it fits, or i to 1 inch more, whue then 
is room. The thickness round tho atk, whoa tho aava io 
of wioqgbt imn, ia about ooo-hatf tlwdiamtar; wkm af 
eiat inm, Uw duelmflM io oqtu! to tho diamotor. 

The number of spokes sliould be simply in prajMtrtiou to 
the diameter of the wheel, that the ring and the tyr« may iu 
all cases b« adi'qaalcly stayed. Three spokee per foot of 
diameter, \» v«rjr gononl pnotioo; and io oaoh that tho 
opokes join tho rim at It to It iaali intorntte. D. Oooob 
and KiiaoB |daao tha apokoa a* 10 Jwh iatartab. Tho 
apokoa aro uraalTr mado of flat boio wHli 4 to 6 square 

inches of •It tii;!! :il ihi- ii;,vi-, 1 ti 1} iii.-hi'S thlrk, atnl 3^- 
to 5 inches wide, witii a siigtit taper towards the rim: being 
heavier for larger wheels. Thick and narrow spokes are 
Mni^ than thianor oaof of o^imt aootion, and ihoy I**** 
thaihiukaf thatyrahotlir. Thiii a|iakia ia laiga whoib 
aia liaUa tojiild uadar ibo proooaro of the tyro, aad aaoooM 
a swpetitme form. Allan makes the spokes of bio 8 feet 
vihritls [i] i>y iticii at tlie nave, and the wheel* are found 
to b« of great strength. KitaoB ihoo opoiiM of a oinalar oeo* 
tioo, «i mih diamator.od]r 41«dMa ana» and iwliDoa thorn 



alternately outwards and inwardj. in the style of Bury^ 
oc^inlwhial. Uo tkoB aomlnaoa liglitnoH aid otiffiBeaa, 
and tho poeoltar form and oot oF tho spokoo andiloo him to 

j'l.^nt them in a cafit nave, a« ?io ciV(.-»Ins n fuffiuitiiov "f 
I metal round the spoke- fnrls, utnl ihstrih'itfs tin; sinun 
j along th« Iroadlh of tlie riiivi'. Thi" y'.AV. ■^\st->^ wtboUoVS^ 
the mo«t generally excellent wheel wiih cast nave. 

The rim is usually 1 inch by 4'^ to 5 inches broad, stightljf 
ceandid off to tho o^gook Aihu makoo it Ij- inch thick 
Of oaot inm oagino-vAeelt, only one example (Fig. £64) 

exists in this coniitrv, in 5ilnr|r'< ^'iii)ils-c!;i;iii.'<. Tho 
I. vthcvl is 5 li. in diamrtvr, cjiet iu out: jiu-U); it 1 2 spoke*, 

at abont 10} inch intervals on the rim, whieh with the nave 
I and rim aro otnmgl; ribbod. Tho aavo io 2i in. thick 
I TOund a«S indibooat aaddmtlddaiaiaarBMtalthnagli' 

oat tha apahaa mid rim aTpnirrr* 1)^ JmIi. It h, upon Ifas 
I whole, a moat oceollcntly ]<rii|Kirtiao«d wimol: thomotalla 

well and uniformly ^ii^trlhlltt-c^. 

The tyre, which the wcaiiu^ piut, and is placed over 

all, is made of Lowmoor iron, to wear equally and well. It 

ia faorod out to a aligM^y aamUor diamotor thoa tho lim of 

dio wharf, aa dmt iriMB aspandad bf hoot tt Btqr W tiilppad 
' ovor tho rim, md may shrink on tightly iriioii it fai cold. 

The thrinka^ measured diametrically, should not exceed 
iiifli ]ier htht diameter of thi- whitl. ShiinK.\_;i^ if uft!- 
, iul iat taking up the slswikeiimg of the tyre bj rolling out, 

as it wear*; but if too much il poM, tim wh oij ia nadolj 

strained, aad tha Upm ia liaUa M naph 
. I TyrM aia, k goDOfai, S inahoa hmd, I koina ^hUk al 

the middle of their width, and coned on tho outside at the 
I rate of 1 in 20 on the radius, or \ inch for the whole width 

I'f five inches. They liave, in soiiip h<'( n n.ade only 

or i\ inches biua^l, as it ia found that the direct wear 
I takw place only on the middle of the breadth; the eoo- 

uumy of narrowing tha tjro howofor, qaHtiooabla, aa tha 

outer part, though not diroetlj worn, fa naolU for atoving 

in tlie iiiiililie [lart, aiid krt|!liiL; it iti -.vurl. Inde««l, 
I the rolling out of the tyru Ut-enilly is ubviuiia ujion worn 
tyn.!. >Still further to aid in staving in the wearing parts. 
Sharp and others maka their goods-eagine tyres 6^ in. bmad. 
or course, tho omn hoarily tho whaol fa loaded, tho gnatar fa 
tho fataial toodtoajr to apnad. Tha ijaa ia ametimes mada 
H mdi tluek, and oven SI indt, It w well, of course, to 
nuko a tyre to lii><t a.i Ioi:l" ;i--< |:-i--<;oIe, hiil tlie accumulation 
fcl tiittUil about tli>-' periphery of a wherl. i^ .i matter of very 
questioRiihio jiropriety, particularly in In/h-speed engines, 
a* it add* to th* BnaaipaBdod and ravolviiig nmoa of tho 
aaghM^ oadamit apMatopc^adMaiij opos tha miia at ina- 
gafar faiola. Tha tofo fa nwally mado to prajoet 1 i inch 
from tho aarfimooF the tyre, sometimes only I or li inch, 
And though the li.-epcr l1an:;e is noimr^ally the nafer, there 
; appears no givuiid in practice for [irc^oniug it. 1 ii-a root 
of the flange is tho part that guides the wheel ; at this part 
tho flaaga fa wall roaadod is to Ibo form of tho nil% oo aa 
to aat amoolUj, aad fa obpoa aff to thaanmmit. Tha 
thickneos at the middle of tho hai^ b from t to I i inch ; 
the greater thickness io bottor, aa it giroa a atafiw flange, 
and assist* in preventing dm lalml ditphoaamtt to whfali 
thin flangoo aro liablo. 
la 4i9t «id oigb-vlMilad amiMi^ tha aiddla iihatb an^ 
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in MHn« CUM, dcprivcJ of tbeir flanges. This we Iblnk ie 
m bad ptMlNt, for it only diminiiliM tht •Mwi^ «idi«it 
rtodmng an «|DiTil«nt. 

5?tpelM) tyreahad heeii for s/ima vmn worked D. GokU, 
and by J. V. Gooch. lu durability they are mui-li .■<nj>(.i-jor 
10 plain irun tyrea; but when they wmt down to tla- quick, 
where the iron lueeta the iteol, the wear is nacaaMWily 
irreguUr and makes an unsteady wheal. 

Tb» ^yra itMorad to tbewkMl \f «Mical riviM oMtiwd 
fivm tlw ontnd* and riTMtad iasid* th» nag, vt atnmd «p 
with a nut. The rivet or bolt shoald be niade with a long 
taper to retain its hold while the tyre wears down, and should 
be of iron not harder than the tyre, so as to wear with it : 
IMMT much Bofker. it •!«*•• in, is oowaaof taoM^aiid Iom 
ita grip> D. QoaA'a ftalMlg^ If a aiatiMmii ^awtaU 
Joint, 1 inch doep on each sida af the ttm, ttM ia with 
melted zinc, appears to bo preferaMe (o tha Mt «r rivet. 
It has bf«n found to work vcrv woll, aii l is tho\ni in tl.c 
detail of hia tank-engine. Thii ('i>itr»or ika zeuu us^tl, the 
b«tter is the joint. 

The wheels an fixed on the axiee by ataal keys: luaally 
tm ftr aadi driving wfaaal, ait at t^t an{daa, m in 
D. 0oocb*8 touk-engine, about by I inch thick, let i to 
i inch into the axlv, witli inch of taper. Allan employs 
four k. vt) ] J bv r in ; Slmrji, only one key. It by f inch 
for k i -< L^'.i ii\>n wheels. Simple carrying wbaaia aiw uiuaily 
fixed with one kiyi • littk loiBllat than tkoaa naad liir diriv- 
iag whaala. 

Piata>«lic«la, nr diaajwfaeila, fonned of aolid plataa, and 

dispensing with fiicplc*. an- pti'on;;er llian tlis la'ttr. I'tTsr 
less reeislanc« to tlio aiinnsijlu'io, aiiJ raiio laas tiusk i'uf 
eiigitiiv, tin; Jisir-wlifjl. t.lii>u::h at jtresent hanlly known in 
this country, must eTCOtuaily eupersada the apoke-whael. 

Obillad aaat>lm tjiaa are mudi naad in Anariea ibr 
goods-enginea, an aaaaint of their ebeapiNaa aad dmhilitj. 
They are put an with a alight taper, and tai thamaalvaa an 
the "licclfl wiiliijut tl'.o aid of bolts or rivets. The process 
of rtiplocing worn tyros is tlius extremely aimplified, mod is 
eonductid wltheat iMMfiiig tiM wlnila fiaa ondar Ibe 
engina. 



OHAPTBR 

AxLZltOXES AID SFBtSOS. 



Omidt$ /«r ,dcWnNa. Tba guidia, or "aiiaika,** an 
nuat aoaunanlyof aaM-iiVtti wkm thay amy baaaaviaiantly 

made strong enough; thay am planed to fit the guards and 
suit the axlehoies with parfael aeraracy, and to have their 
wi rkiil;; fucu^ |i;trallel. They iirti in all ca^'tn checked ujwn 
the guards, which directly take up the lougituiiuiai ekram- 
ing, and so far reliere the bolts; they are made with flanges 
litlii^ to tlia inoidea of tha gnards, wkan tliaia aia af a tingle 
plaM^ aa in SharpV gooda-angine; ar iMtwian tlie pistes, 
when the guards iI'iuMc, a.'« in Fairlairn's en;;ine; fur 
dooble-pUte guardc, atUu-h«il tu uiu^'lr-j/laii- franuiii;, nn in 
Kitson's engine, tlio intiT^[iaco i» sn thin iia to nquiri' 
gaidaa of wim^t-iron. to have fina safficiently strong. 
Ailaa aiato iIm two gnUaa lar aaoh driviag gqwd in aoa 



piece, j<'itiiti^' litem at top and well flanged, to stiffen the 
guard. Tba warkiqg fiiess are 4 to 6 in. biwd, moatly 
4i In.; witli inaida bnringa they cannot eauaanlantiy lia 

bad wilier. They anf' 2 to 3 in. il«'[>cr tlun (tie axlebos, 
to allow for tlio Tcrlical pUv of llo; lait-iT, »i;il tliv I'n'fdom 
for play should uot inlorfercd «ilh. In gomi irireimi- 
stances, the play rarely escaeds i in., and ttie clearance 
should be moatly nWva tfao aikboz, to meet the setting of 
•priogs. Tiia now pwMnniat tlia mring, tiia laia will do. 
Sharp allows 1 i in. albDva,attd f In. ImIow: aona allow If is. 
»l>:(Vf, and others otilv ! in.; (Vie .-ivcra^'i; [irnriico is 1^ IB. 
above, and 1 in. bokni. 'll.r fiwe i» 1 it). Utick, and tha 
flanges li to 1} io., for Hin.lo-jilate guards; (or double-plate 
gnaida the flanigamtttt ba thick enough to occupy the inter- 
aal of tha jbm, mi h Ugbtanad oat between the bolta. 
Tba bolu ftr the gnidia aaa t ar llo. diauL, aaaally flaak- 
headed and eovntar-aonk Into tha finima, and rivMtad or 

fLTCwed n|i with ti:ni;iri. iinl.t ii:.'<lih-; si "^l 3 in. centres, 
five or &ix to ca*-!! i;nolo. tiwiiie ciigiuccfii jn'clW the guides 
entirely of wri u^-bt-ii-on. 

ArM«rti. Uaual^ of <aat-iiwD, witb biaaabaabaa. For 
driving, thay ara 11 to 14 in. daip; fbr aanyiug. 9 to 11 in. 
The depth is much a matter of convenlaneo; yet there 
should be some relation between the area of guiding sarfa«« 
and the horizontal action upon it. For ilrivin^' axli boxes, 
the surface is usually 55 to 60 »qut»r<' incb'-n nu each faot^, 
i &ud I>, Gooch makes it about 70 ins. I'ur ihi- wide gaage; 
fof earrying, it ia oanally M to W in*. Flangea ara awt 
on eaeh aida of tha avMMntei, Ibr tlinr whola depth, to 

bear '11 tile fA'^fa of tile L'ul<i'-S, a:iJ btoaJv flit' rnac:i'i:e 
Uiuiallyi tJiey piojact, 1 to J] in., nsiiallv 1 in., ami are 
{ to 1 in. thick. The working; fiice.- of tin- axlt b m, in eon- 
tast with the guide*, are } to 1 in. thick; for dri^ m;- axle- 
box e« with underhung springs they should be linok-. r, as the 
whole load ia boma thrragh tho aidea of tha aslaboit, arfaieh 
frequently fail with 1 in. of thlekneM." With nndatlning 

s[iriiii:3, Jrivini; axklioxcs should I'l: cntin "'. of bra*!", .It 
least J t 'ii. thick iU the vturkiu^ f^fjus, Atlui^ datu «ki, &ud 
further strengthens them with a wrought-iron strap S by 
t in., bant a* «r tba box, with ooo end jiaasad down throng 
aidi hM^ totaka thaaprin^pin. SiMlair haa aahatitntad 
aolid wnraghuiron ulalaiHa With aaoto aaaaaat titty «n 
of ooarie strong, but do net wear well. Mora latdy. ha baa 
soccwsfully i nipioyrui inalloalj'o b-civ<. a (loriiiiound of zinc 
and copper, known as Muntc's metal. It is probable UiM 
Stirling's tougbmad aBMHiaa wnuU omI all thamfowa. 
OMOto of axlaboMb / 

Tha bub iaannM!yl»driaaliMUah and la tightly fttttd 
into the upper part of tho ailabai, tturlal to metal on tha 
top and sides; soinettmat with Bttlng (trips at the sides, 
liuihes art 1 to li in. tliii-k tin- i rowii, and r'biniiil not 
bo lets tltau iV i^i. at i^<e sid«<ii, u> ha oUoitg «»gu]jh to re- 
sist compression upon the axle when they wear down. 
Thay ara uaaaUy bavalM off on oaah ootar aida totf*. to 
aaononiae molal, aad tha box ia east to fit; Sharp in Ua 

^ooj*-cn^iiii' r iunda the outer surfacu I'ccontricalfv with th« 
inucr, furinin;: tbn box with au arclK-d ruof tu lit; Mid, to 
hx ihi- 1hj?1i lat.Tailv and b.ni;iiioliriallv. wings are thrown 
out flush with the crown, which enter suitable raoasM* in 
tba boK. Uanily, mail flan^ aio tbrawR np froat tha 
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•nwa, M lir An*D, to fix th» hatki «r » tliort cjriitidrifal 

HtwiiM fay Fairbairn; or subtUuitial flaogea oo the oul»id«, 
W hy D. Oooch, whor« there is plentv of acoominodatian. 

Tlie l)l|i<!l fll'illl.l 1k' l:.i}ri":i liUt 111 ;i ihiiriirtr r I'lr 11. 

greater ttuui thr journal, tl<At it m ly lis loosely on the 
jciui'D.il, and fii )ta«lf graJuatly; thti^ i» thiu much leis 
liabili^ «f saw bwhaa hMtiitg UtaD if chneljr fittad at fint 
Tfa« Iwah ibedU jut m (k> JmuimI IngtlnriM, 
ai)<l 110 til iv ;n'vi>n. For nieroly carrying aslot, thv bush 
mar Ijo cla^t-UlUid over only one-fourlh uf the cireuinr«reooe 
at till- erowD, the remaining tide* bein^ re««MeJ to a larger 
ra l:u!», to clear the j".iirnsl «>nt!r»<ly. This works well and 
|CiiuL-i9 the chance uf iit-.itin^. 

Ths nwf «f tb« bm it li ia. t» li in. thick om tli* 
bnah, wliidi It t»\km» gMuMj In onllin*. It It rem«l at 

the top with a •<c;il f ir lli<- tijirfiiLr-rri l. wlu n iIil- •■[irini," juw 
abuvi! ; the four waU* tuon lUb ^rt.>itiu-UMnjb(.T iUkj •> n lUu lOftf, 
filled with tallow and oil for labrieation. Two i in. or « in. 
oil^lM aw nulla ttuiiagfa the roof and the biub, into which 
aiwn ajfikaa tabta aiw aerawad, to supply oil or gnaaa to 
tlM<jdaly<»MM<riilM,lht«apillaiyao>kiaaf»Mrii ioiyres 
ooBftaut and lagibr InMaaCioD: anall aanlcinnkr ;pt)ov«« 
are run along thesurfiM of the bu»h from to 1: .;., 
and Bometimes diagonaiiy over the journal, with tbj> obj<!et 
of diatribttting and equalizing the oil. The dia£^>nal courses 
«n aaalaa^ indead hortfiil, aa tiuy lad off and mate tha 
oil or pttm ofor iIm aMia af dia jouniaL (tea borlagotal 
ohaaiMl Id tlie «ro«m of tlia lMi»h. conneetioff iho two fot- 
aa^ from the chamber above, and extending to nearly ImiJi 
eCii:! Ill liu- i::urnal, 13 ^ullioic lit. un ifr |ii-'.i|ji r iii.ii::vL:i'i:i -Ht, 
for the lubricaii.>a o{ Uie nturkuig parts. The lower |karl of 
tha bos is closed in by a light casting of ^ or i iu. iron, 
aacaiataly itling bttwasti tka jaws of tJia aalalNM and np 
to tho joMfoal at aaab and, baing alifthtly wawtad along the 
interior, to permit a flow of loose oil or grea.<ie helnw; and 
sustained by one or two ^ in. pins passed through its flan<:e« 
into tilt yxxf. Sii.irji tiiakcr' a (Ia;-l>ot!((nioii ri'iri'sa, ■} in. 
rlo.'p :it th<j lowest puiiit, which beoouiea a constant reservoir 
01 nil ur grease to lave the journal while roaning. Allan 
tiaka » ohambar, li to Si in. wida^ tho fall Intgth of 
iha joanal, oontaiBin^a sponge which imhibMiind refura- 
Jiicl'^ the precipitated oil, witli cxotilliiit efTuct; wlillt! hi- 
tuiruduc&i freah oil abovo. Ue aUo muctla itiiituv^blu liSisa 
oil-vessels into the upper aide of the carrying axlcboxes, to 
ba alMned when necessary; for the driving oiMnm*, ha 
the oil-vesael upon the side of the boilw, tot naiy 
, and laada tho oil thioqgh a »>nM tube to the axl^ 
bas. Thna arnogaintata Iwtc been (1N5.'1) in operation 
for (eu y< :irs, u:n] « nk well and economically. 

The upjHir i.li<iUiiri:f is covered by a sheet-iron ur brass lid, 
hinged aud closed by a »priug, as in Allan's plans, or more 
uaoally fitted looaaljr to and ofaocfcod npoD lha gaidos, 
akabif tha ahambw il» oan gmrilgr. IK Qaodh uaa 
tUa plate «ad livaia te it a Uuofc ImOmt lining, to dose 
battarairf toaaAiKYibiitlao. WImu tbna lined, the plate 
ntay b« cut is Un wmn tho jatinnl, aad tho oatar part 
used aa a lid. 

Bpringt. A spring should be uniformly flexible tlirough- 
oiit ito laogth, or aaidi that it yiaids wjoaUy at ovtry [wrti 
for tUaa^Mt th* platat of ««diaary plate-springs are soe- 



aaiatTily aWtMad tawaida tha Vntt or oaoln. Sprivga, 

when loaded within the limits of tbair aapacity for bmdetts, 
deflect tbrou!:h sensibly equal space* for equal addition* of 
l'>;iij, whoii tir.i t|i.m 1* fi'iii'ili'y ronstaut; when lln' '•'■•n- 
paiis is coitsKierablti, Uie «|i»u MiMtibly incr«iMes with tits 
load, owing to the flattening and spreading of the spring, 
and in ao far aaaa s a a alight inonaaaaf dal««tian per ton of 
kad, aa tha total hwd It h w iaaaJ. Tho «iailb sirMi^ of 
a spring is expressible by tbo load ncc«snry to cau>« a 
given dvUuctiou. and. cimv<prip<'ly, iw tlatlieity, or jl«tibUiljf 
is exprM*iilil<' liv iln' di tlr.-tion <m'.i«i-i1 iiv :i L,r. i-ii I'is l. Tlifl 
strmgtk, siniply, or the capacity for burden, is exprvasiblo 
by the greatest load which can bo homa nithont gi*iB|C 
waji whn ovailaadad, tha ajnnplaBia pl ai nin g rupture, 
eonaist la tho graatar appatont alaaD«ltf of the spring, or 
il« greater deflection under a p^f:\ irnnas* of l««d, indc- 
piMtdently of what may be due mi inorease of spaa. 
Thus tho point at which a decided change of afaatiaitjlakaa 
place is an indas to tha atMO|;th of a spring. 

The following taUs of otMarrations on ono of Iho fnot 
aiid middla aprtoga of Shaipli gooda-engine, illostrataa iha 
oouttaiicy of tbo ohttkity far iMtibly equal spMa, and ita 
slight mcmaaaatha load ia Mataaaed, dao to tha iwaiiaai 
of span. 

Mix XCIL-Or THE DETLBCTIO.SS Of ONE OF I 
rUtTE BTKUiGS. UNDKK GIVES LOAM. 
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Here, tha flvxibilily incruii^cvi truai ^i-lt>lljs to .V16ths 
ioeh p«r ton, when tliv s[>an reaches 30 inches. This is con- 
aidtnbia, and tho very senaibla ostauaioo of ipaa by whicb 
HkoaoMitiadnotothegicataampMiof Aaapiiag. Tha 
absolute strength, and tho alaatia abrmj(A af a spring art, 
then, difl^ercnt things; and tha olaalMtf la distinct frooi 
both. Till.' .-I riM:_'i li \:i.t:x-t !n i!h- r<puti inversely, as the 
number of plattia. aaocily, m the i<)uiu^ of ihe lhicluiea« uf 
piat«^ and aa tlie breadth of plates; whereas, the elasticity 
irariaa aa tha eabo of tho apan, aa tha nombar of platoa ia- 
vanaly, at tha eaba af tho thiduMta af phtaa hrantfy, anf 
at tb* brtadth of plates iQTersoly. Thus, the flexibility 
increases in a very high ratio with the span, uiuch mora 
rapiiilv tlia:i till' ■itrc!!'..;!!! is reJuoi'ii. Tn illustrate:— 

If llie apsa be iuonsaaod as, ... ... 1. t, 9, 4, 

iha strvnadi la fadassd aa» w ■•■ 1, «, 
" ~~ ■ « 1. a, jf. 
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If ihe d»iekB'-»» of tilit'j l>a reduced M, 1, ), 

Mm alreiii!!!! ia mluisieil u, 1, i, 

"' I tbe flexibility iocratM* M. ... I, S, 



27, 



TkU in, tar mmpU, if the ipan be doubled, or tha thnk- 
BM hiini, tlw flndbOity ia maltiplicd eight tImMt 
(lie strength ia reduced, in the firs', i tc, jiist 'in^-lijf, aii'i in 
the second ca««, to one-fourth, but in either cae« djucU Uta 
than tlie flexibility increaaeo. 

In prMtice, th» flesibilitjr of engine bcaring-epriog* varie* 
tnm i to 1 in. far Cob «f land; at timaa as low as i in. 
Fw fiMipt and la^ MliaB, la praMta aiabiliQr on the 
lafli^ t» nva dia tnuaag ll«n twitting rtrants, an^ to keep 
iba Ixaringa fair, the leading ipringa ahoalJ in ^nii rrt! h« 
the kaat flexible; they hare the most labunyu^ 4uly, aa 
they hare the most to do with irregularitiee of motion due 
toUiaaacbbMaadtotbainf. In ordmaiy aingle six-wheel 
'iB|fnai^ tiM iiMKg tfrinp aMM ham fiaai ataatielty, to 
Ibllavtiie raila fredy aqd tP ataintain the tnMtir*Joad aa 
eqaat as posaible; thia la fha more hnportant, a* tha driving 

ii till- lll•<■l^ ii.'5t 1 iui'I tlic rail'' miiy sink uivlc-r it and 
partially elude it, when the hind wbe«U arm ia reserve to 
taka it np^ The bind ipiii^ alnnld also be very flexible, 
t» givavnjMtht dti^ aprinp wban thqr aink, and la 
«aaa the notiaa genatally; wUh thay nitaia adUaat 
daatie nrength to steady the engine. When tlia wliaels 
are well pla«c<l, and the engine well-balanced, an eUstidty 
of i ill. per Ion for th.i leading springs, an J ! in. Twr ton for 
the driving and tniling, may be adopted in practice. VVlien 
the hind wheels are coupled, the middle and hind springs 
amy ba mada with i in, |Mr ton, af alaitiaiqr- P<r anginia 
madi orailMBf aithar Mm ar btidDd,iMt men tlnu } in. 
per ton should be allowed (or the extreme springs; if the 
overhang be behind, it should be reduced to 1 in. per ton. 
Julin tirav BavciJ .in ovcrliun;; Ion j-biilcr cn^rine by reduc- 
ing Uie bind springs, from 3 ft. to i ft. long; tlierrby 
the flexibility, previously i in, per ton, wm reduced in the 
ta«ioof S'to !^.<waa 87 t»8,t»atiilaaboTai ia. Is 
afs-oonpiad gnad»«aginM, wldah na at low apaada^ tha 
flexibility need not, and perhaps should not, exceed i or 
in. per ton. The leadin;; sod middle springs of Sliarp's 
;j<«,l.-i-iT.L'int"' are ailju^tti t^; work at ^"^ in. 7>f'r ton, and the 
hind spriogs to a liexibility of iaV.y k m. por ion, — die 
greater elastic strength of the lu'.'.i r bein^ very suitably 
adaptad to eootMid with tlia ovafiiang of tha firsbox; tliottgh 
tha icngUi of spring is also limitad tty ita pmimity to tha 
firebox. 

Enffino Lcarai^-BpririLjs liave llitw; vanctits of larni: — 
Ul. 'i'liii olilv^l mot.; ivunmon form, cyn^istin^' of plates 
in cloti« contact througbottt their leugtli, with wntught-irun 
eyes welded on the ends of the back, or longest plate, to 
whieb tha linha an piiaad{ aa ia Sharp's and Fairbaim's 
snglnsi. Id. Tha form introduced by Step!)«>iiaon, in 
which three or more of tlio lon^'est plates are bivn^lit u)t to 
one length; and either pitrued at the ends to admit the 
links, or left solid to rest in shoes or stirrups ; as in Kitson's 
engine. 3d. The form, fint utsd on tha Ctaiat Western 
Railway, wo beliera, in wbiah A* plalaa an partad a* (be 
huff hf thmncr slips of snn, and tomdi only at the ads; 

Vs eoj;iue. Ia. tha bti and second tnnatiss, 



in. plates are commonly used for the body or maM of tha 
spring, and two or more } lu. phtc-i fir tlie "bEck" and 
"short" plates, or the longest and llie shortest, beeauEe these 
are outside and an least supported by their neighbours ; 
i in. plataa an aanatnaaa nsad, and tbiokar plalta ihaaU 
ml la pot into close- sei springa, aa Ibtir eonwf^Mi is Urn 
perfect. Sj.r'nij-platfs are in general Si or 4 in. broad; 
Allan, and Sinclair. t.iyT the breadth, from 6 or S in. 
at the middio to 4 or 4i in. at tlie ends, with ) and 
i in. plata*. In the third variety of spring, with open 
plates, Um fhtM are onsupported by each othsr, and de- 
pend more on thair indhridaal atmgth; thigr an nada 
thicker generally than otlma, hem f to f Him wi'tb k m. 

space-plalrs. TIi:» varirty ]■> prrft-raMs to the ctose-ptato 
kinds, where thvy lUn ax^miid to CLiutiuiiad damp, and are 
imperfectly ventilated, aa in the position of <iraNT-<prings; 
for, when tba platen ara oloae, they retain the moisture, be- 
come onidiaad ar, hi aaainion hngu^a, mty and stiir, aid 
thty kaa thasr taaapdr. Fur bearing •pringi, tba ordinaij 
akaa-pbta vaHalSta an, we think, preferable: aa they an nat 
known to decay when in active use, and attended to, and be- 
sides, thinner and more perfect steel may be used. Of the 
two clos«-plal« varieties, we should prefer the first, with bolt- 
•raa worited on tha baak-plati^ aa it givaa n btttw form of 
apfing. ftadaiitaaf «al!ig|aMiilbin<«ralwalbriillflia 
l^ates, whieb is more favonraMft for hn» aotion than tha 
other variety, in which the double curvature, besides being 
necessarily qniektT tiian sin-le curvature, in^-urs a tcnddiicy 
to set tsal the shorter plates uq tlie longer, or at Wast to in- 
crease their sliding friction. The first variety al»o admits 
af a battar diatriUrtiim of matal, aa laia WMamolation at tha 
oda b ifanlad. 

Our preference for thin plates, and t in., ia tonlfaud 
to springs under Si fi. span, and tliis span b more than 
ample for all the requirement n of ordin.iry bcariti;; pprinij^; 
for greater spans of Si to 5 (rttt, t and i in. pUui» Ma UMre 
anitubk, ihey keep down the weight of the spring, agree- 
ably to tha lawa of dcfleetion, by whieh axtm thielnMai ia 
mndi laon afldant for rigidity than aartn nnaibsr, and ia 
an exact ljUnce to extra fi ;iu. It i« ii >l want of strength 
but waj.t </f r •.•idity, tljat ia to bo f<:;iri-d in long springs. 
In geiicnil. Ion;; springs, above Si ft., should, as a matter of 
economy, be avoided; they are advisable chiefly for spanning 
the bearings of coupled hind axles, or baaringa on the same 
side el tha esgina, as in bogie-fnuns^ and othsr situations 
whan aanonnDodttlaa ia Gmitad. The loads on eonttgnoaa 
jonmals, coupled or sin:;!.?, mnv Ic rtjiiiliiiriicd bv im-an.* 
of short springs aud cuu^KUs^itiug U'ter^ iu any ui llii vtays 
already described elsewhere. 

Tbe aoda of eadt pl»t« in a spring are finished aithar to 
tha fnll brcftdth, mtA " diMrn" or tapered in thisifaMHi or 
are "spear-polntad," that li^ tapmd fat llw «iddi la aa 
angle of 4£°, and of lha AiH IhielmaiB. "nia lattw is the 
ehcapiT, li.e fi:rmer possesses the belt» r action. Thr icitur 
contour of the spring embracing tbe ti|ia of tlia plates, 
should be finished so as to conform aa nearly as practieabla 
to a panbolio ontiina whan tba apring ia flat, to aaonn 
naifonaity of stiMigth. TheanlliM oadMamiBad dalaat 
tlie pK^ length of eadi {date. Tbe compaM of the spdsg 
unloaded is a neaaan of the onrvatnn of the plates ; aad 
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vell-formtd E[>rlrg3 work moit frerljr when w> loaded u to 
nitm (be bsek fUtt m»Af Mn^^ m tba fnctkioal action 
of 111* pUtM on wwk oduf k tbeo Itwi, Thaeompat* !• 

fr«qa«ntlv to adjofted, aa to turn out » naarfy flat aprii^ 

when loaded ; but it ia most uiualljr n)»da two to foar time« 
the deflection due to the anticipate d Ioa<j. Sli^rji nir.kf-^ tln> 
•|»a equal to 6 or 6 times the oiiginnl oompaaa, or about 
7 tinea the loaded compaas ; D. Gooah mim th> iliM 
IS timta tha loa4«d MmpMi, aad in naajeuttaMik mm*, 
lAm tha iprlny lia w i— wmdj flafc Thwa w thattHPHa 
ofpnctlce. Springs ahoold be qoslified to carry just about 
twice tlie load for wliteh they are designed, so tli»t, when 
weighted, they nnv «tri>n^ iT.gngh to bear an ar:"a!io!;.iI 
■ of load, ftti il aU» heavily enough loaded to k«e|i tJiem 
on teniion under ordinary fluctuation*. If an 
I epring be Ughtljr kMiiiad, tlw Ifli4 OHfi^ daiMta 
apring, and tha nank It A ilTaagiawiHa harii 
vibration. The grvalM' nifemge play of ax'tl s vcrtkally 
ii 1 inch, or 1 in. up and 1 in. down ; all springe eiiould 
therefore ba daflaHid a* ImM i iieh, whitaw mm, ute 
their loads. 

The plates of "jii Inge are kept fair with eocli other by 
■tntfa punched op at tba anda olaaah filata aiitwiiig data im 
tha wntigaoue pktaa; alio by tlia iMWpal tha aenlre w 

butt, which is slirutili on jii^l bimJs tl.o wliole tr;:p(her. 
The hoop i« ul wruu^ii;»ir<jii .0 to 'i m. brnvl, i tu | in. 
thick in the top and (idea, ami a)>i>ui } in. in bottojp : as 
naualljr applied, it reoeiTea the end of the *priog4«d, and 
gins It » bearing. The rod is of nand or flrtilM wcord- 
taf (» Ita paahian ; It ia gnidad ia aadnM Htattad or let 
into tlw ftuMS, aad rats upon the aslaboi. Slanoflk fiu 
a plate iron cuv.t over (In- .-irra of tin- uxlebox, to 

receive the tLnut of the roil. With *ingle-pi»te fnuning. 
the rod is sometimea double, and may b« fenned either in 
two piaoM with iodapandeni bearing*, or in om piooa doubled 
«paii4niltaf infeaanidmkrbauiaf oadwaitlaba; oa 
in Kit«on*» engine. Tha links are pinned with ayaa ta tha 
spring and the frame with 1} in. bolts; andarenauallyaitber 
plain or forki d, with donble-^crew and jam-nuts to adjust loads 
and lerela. Kiuon makes then stirrap-fiNm to ombcace the 
ends of the springs iMvi^g thai* antii* withwrt doU or 
other inroads. 

AdW ONNrt ^prtitpi. The uliolo mljaat of springs is in 

the luinds of empiricists, who work by thumli mi l by rite. 
The most important principles concern the rrLili< ij! of ll.o 
flexibility to thft ajian and the tliiokiK'SS of plate* ; the i>tInTi 
may be safely assumed, and we shall try what can be done 
ts torafa^ the principles to practical aci'u'jtu. 

Fin^ of tha nlation of span and flexibility in springs of 
rimilir turn. The springs of Sharp's goods-engine supply 
a very good exani|ili' in jjoint r tint iMiihih' sjiriti;;'* l.m i' 10 
plates and 30 in. «jau ; iha hUiJ ui:^ I'Z ^hle* Miii 22 iu. 
span. The elasticity is proportional to the number of 
plates is*ersol/t ud to tha ouba of the spaat or in the 



IStalC 
M^.artmiOlaMMt. 

which, being multiplied fo^eilicr, give a final ratio of 8 to I 
rtrf nearly. Thia is the actual ratio of the eiaaticitisa, 



Again, from amongst » mmbw of ^riags tasted on tlM 
QmJt Western Railway, thoUlo«ing«aaaa aioaalaatads— 



(l.}9ltlliB. • aXfia. 4iB.p*rioa. (oMsaof two) 

(3.) 8 ft. .. 12 t X » ., Sf ., ,, (ra<iiB irf Hire*.) 

Increasing tlt« ela^uvity in Ute 2d and Sd tsam, for 3 inch 
pUtea, in the proportion of 3 to 4, we have the results in 
tlio fiiat roir foUowimf, for wniporiam with thoaa in tfao 
momA mr, b *Ud^ Jbr tlw M ana U OMMi, tho ahMidljr 
due to the spaa* sod nambera of plate*, is dedoeed from tha 
ohservad elaitiaity in tha Snt maek in the ratio of the nam* 
berof ptetaoainpljMdthoonboof tha spane. 



0* «i 

Elaitidty radoaed (or a in. bnad,... |ia. i|i 



ia icnnaof sfaoaadnaaa-) 
bar «f flafTaHMdivUin. S k. Tiia. 
totba^Siomlis^ J 

ThMc result* of calculation so obviou«ly agree with ezp«ri- 

[iH'iit, and in such very extreme cues, that it is deemed 

nnni'Oi'.>''arv to alJii~e furtliiT evjjcnoe on this heaid. 

Next, as to the relation of the thickness of plates to the 

elasilcit/. U tfao mm Mb of 

follows— 

ftk* 

ia. 



(I.) Oft. 2 in. 
(2.) C ft. 3 in. 



IC 
0 



(3 4 X lis. 

tx!'; 



• Ik 

4! .. 



Taking the liberty of exchanging the two i in. plate* fur 
seven ^ in. plate*, a* of equal alreogth according to tholnr 
of tbo onbio; oUoiringiaiiak far tho dilbinoi of tgm,w* 
find that 

fi ) |U 

III' ex]it-ri:K[!tit iIm! r].^!ic:riti.v arc ... 0 ia. ttj 4^ l0*t 

uaii tir til* jjiteii rati«a, in Usraa of | - . i . • . 

aps^sndtbiekoettofpUtee, ...T"- *^ * 

ahowing that th* oiaatioity wiw in piaotioo •eootdiif to 
the (mho of tho (hicltaMI of pIlMb 

Having foud that the received laws of deflection apply 
with great esaotnaas to steel-plate springs of good matco-ial, 
a good practical formula may readily be constructeii. 

Lot I " ti)a length or span, in iociici, when loaded. 

i — the bnodih of pistes in iitehca, tuspoMd aaifonn. 



( — the thiiikoBw of plstCT ia aiitoenuM of snuich. 

n ihr nunilirr of pikcee. 
r. — i.'io cU^l^.;l^y tn lixi 
m •-• a eoutont oacfficioaL 



cTtn IM I* IM tf 



Then, by the kwa of deflection. 



a — "1 



1 1' 



To find the va!m> of toks a known case : tli.:^ leading and 
aiiddlaa|itiagaofShai]i*agyMMifr«agino; thaaohavaliiflataah 
of whiehtwoaiofig^aadthooihanVViB. Tbofln. platM 

must bo ri'j'Iacf J liy an (<piivali'ii( niiiutfer of ff in., jo (he 
ratio of tliu cubts u£ the iliickiniseii ijivsiisetj, a« 5' to 6', 
or li.'i to 216 ; then S X S16 125 — 3^ plates is the nom- 
ber, to be added to 1 4, and making a total of 17i phues io. 
thick, equivalent for dalkotliHi to tha platoi aetoally used, 
Tho fitim bobg th« ndneed to one thickness, the foiwila 
beoooMO malhUot m4I— 30, 6 ~ 4, t — 6, a— 1 7-5. 1*1. 
Sabatitatiqg thaoe fthnt m 1»t* 

• "TSTPxTTT* w * 
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rednelD;, we find 1*62, oruy, u • round number, 1' 643, for 
th« vala* of IIm aaiMMl, ilid m Ihw% iad^t A« iNtl(> 
ing fonaoi*) 



rcc 



ft I" »■ 



(1 ) 



by which tb« olutifity of wiy pveo tprinnf ni»y be fonnd; 

and by ii>«rsn>n, tliii length, or tlio numlior of pUtns, 

re^Bind fdr • given elasUoity, and eii« of plaU, maj alM Im 
iHodL WhMMUitlbllnriBgralac— 
Bgw lOB HB Bumozx w SnHWHt-- 

Mnlliply the breadth of the plates iu iucla's )>y the cube of 
the thiokneea in eixt^entlis, — autl hv tin- mimUr of plate*: — 
divide tlio cube of tbo sjiau in incliw hy tlie produet M 
bund,— and mui«ply by 1-66. The reeult ia the elasticity 
in eixteentlM of an ineh par tai «f kad. 

Bvu II» To /nd tf« 9Ntn dtu toafhm daitieity, and 
immbtr mud ds» of flaUt. Multiply the elaatieity in tix- 
tW'iiiln p^r tiju by tbp brraiith uf \i\aU: in inclif?, — and by 
th« cubu ul itia Uiicluiuss iii eiitocntlis, — antl Ity the nainber 
of plates;— divide by rC6, — and find tbo cabamttf the 
fnMienk. The mnlt ia the span in iiiebea. 

Bau III. 7W JM ^ mmkt of pUui dm to a yiMs 
dtutidty, ipau, ami titt plait. Mvltiplj the ooIm of the 
span in inohet by — nnlliplytlwehstieity laiistMaths 
i>y tbo breadth of plate in inches, — and by the rube of the 
thickuissi in EixleeutLs ;— divide the farmer product by the 
lMt«r. The qootient is the number of plate*. 

Iftit I. Tht tptt and daitieit/ •» tlmw doa to Uw 



t, W|i«a«Kln thick back md diM llilMtM iMd, Huy 
nmat bo raplactd by an equivalmt nnmiMrof tho profiling 

Ihicknres, prior to tli<' a[>plii:ati.in of tli» nilee; this is found 
by mnliiplying theDu»il»-r <jf cxira plates by the eiibe of 
their thieknesa, and dividing l>s' the cube of tbc ruling 
thWriw**. Onwwljr, tit* number of pialot of the ruling 
tfck fcBM m yfco W boNHMmd tonttkoiowB ftrs^ven 
waaAu of <■!» Mtk glttm, matf ho ftud fa, tho Mue 

S. It is assumed tliat tlie sprin'^a arc ^.niilarlv and recu- 
Ltrl v f jriHed, and that the plato* are of aDiform width, and 
biu'rl ^htly tafModaithoondt. Aioo^ thai tho liad b of 
best qoaiit/. 

4. BnUo Bight vith oqad ftdlityhMo tMi« iMdo far 

finding the suitable width and thickness of ]ilat*a; kit these 
data are usually predetermined, and th«y may be found, if 

roquirtfd, b_v a few triaU wilb tbi? rules irivcii. 

Emm/dtt. To find the elasticity of the Greot Western 
3S In. spring, wiiih d phtM S I hk, iiboadj diaiUHid. 

By Bule L, 

'-^ X res — 7 B niilewillii, !ir \ :it. tflrr nesHri 

3 X X U J . . 

whichnis tbe elastit'Uy ai-tua!l_v observed. Likowiso, tli.? elaa- 
lioitii'J! of tbc (i^ and if ft. spiiic:;? qunti'd at tlir ."sauR' place, 
are foood bjf ths same rute, H and i ^\ m., and they were 
4i and C( io. bgr experiment. 

To oiaalroet rules for the simple strength of springs, or 
at lout for finding the greatest working loads they shonld 
bear in jjiiii-tici-, wc sliad as ii'. furo take Sharp's spring a« a 
standard. Continuing tiie same uotidculion, and ntakiog 



■ = tbo woriting strength or Load in tooa^ wo have bj tho 



The I in. plate? must be replaced, a* before, by an equira* 
lent nuiii'j<!r of in. plaiee, in the ratio of thesqoarMof the 
tlii^^knessei invers'dv, or as 2>" l<i 'M> ; then 2 X :>t] — — 3 
plates is the noffiber, to be added to 14, luaking a total of 
iy plates I*, in. thick, of eqnal strength. The worUlg 
strength, also, is 6 tons ; aud by snbstitution, we have 

a X ao _ 1 . 



0.) 



4 K X 17 

and finally tbe working formula 

from wbkh the fcllowing rules an deriwd:— 

WflUM Bnavma or Srauaa:— 
tV. ft Jbti llf VOfdMi^ sfrSB^ «/ a given eMtt 
platt tpring. Multiply the treadth of plains in iimlie* by 
tbe square of the thiokness iu uxtetiutSu, — and by tbe 
number of plates; — multiply, also, the working span in 
inobo* IV9 divido tho ftmaor prodaet by the httter. 
Tho reoolt ia (ho worUm atangth iD tana hnidaa. 

BiTLB V. r« /)t<l «lia yat dba It « fiaaa ttrm^ ati 
number and rizt of filal*. MMflj the bnodtb of phio in 
inches by the sijuara of the thickness in fliitecntb?,— and 
by tbe number of pUles; — multiply, also, tbe strength in tons 
by 11-3;— divide tbe forRMT produet bytha iaMar. Iha 
lanit ia tha mxkiag apaa in inabaai 

B«ta TL ft jCM lio MMlar ifrbtm dW l» • ^'m» 
$trenfftk, $pau, and lize of plaU. Multiply the strength in 
tons by the span in inches; — and by 113; — multiply, also, 
the breadth of plate in inolies by the square of ibc llii:'*n(\«S 
in isiiitcciithi : divide tiie former product by tike latter. 
Tbe piyul'. in ilie number of phttes. 

RoiB VII. To find tit rrqtdni trifiiud tmfam ^ tit 
^riag. Multiply the elaflieity in behioportail by thovork- 
ing strength in ton* ; — add the product to tlie desired worUag 
oonipas*. The sum is ths whij* original compoM ; to wbiob 
AMaiianance nfi lo } io. ohoBU ba addod JoT tho pmunon* 

scttin:: of the spring, 

y^tel. The apaab that daatatfaafaiBiafthftaiRBf 
vhaa wo^ghtod. 
a. Eitn thick phtianwl lisioplaatd by aa oqviealMrt 

number of plates of the ruling thickness, before applying the 
ruiea. To find this, multiply tlut number of extra plates by 
the iqnare of their thickness, and divide by the tquaro of the 
mliug tliieknes*. Conversely, tbe number of plates of tho 
luling thif knee* to be removed to make roaaa tu a f^ns 
number of oKtm plates, may bo found in the same way. 

ErampU. Th» hind spring of Sliarp"* goods-engine baa 
li plates. iiii.l i 111., b_v + in., and a "li m. Riian loaded. 
W'hul m lUn KMkiug utrt'Ogtb t Iteduemg the f in. plate*, 
the equivalent number of ^- it, flatto ia 19. Tbu, kf 
Balo iV,, tho strength ia 

4X^yjUi3 „ J30O _ J 

tt X aa ma ^ 

wbieh it tho am ai that of tbe ibre springs. 

?prin_'» slionld be placed over, rathr-r ibaii under the ftxlo- 
\ boxes, as they suspend better, and work more freely, above 
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Aim, Aqr natarkUy kacp tlid^ |^hM| and 
■wing right without any oonatnint; bat baiov, wbto *in- 
p«nded as onder Allan'* driving axUboxea, for example, 
tlllir Undracy i»to«s«p(> tho loa-i and swerve aiiii<>. fore or 
•IL Tbi* obliqu* Mtion itnin* tba eoanmtioiu, and par- 
tieahrij (be (pring-«hMkI«, o«ca«joBally ahifting ita plan 
OB tht tfciBgi awl drifiqg the •a^lialui ost nf llMir joK 
feMaaM. Wlm Um aidlpliidn scMvpinliftfy^ahart, m 
In tliu leading spring of AUan*a gooda-enj^lne, the objectlon- 
Mv tcu JcDcv is all the t:r«at«r, and to raaist this tendancj Uie 
i<lt.'vr)<k' rr<}iiir('<> lu Uo Etniugl v an i finnljr ccflntcttd to the 
atlvlxix. Wb«n the eprin^ arc r»<]aired to be onderhnng. 
it I a pvfenble either to diapenae with ead-linka, and to give 
the aprii)gb«iid« plain hMtii^ on fl^ aiu&Ma, aa in Kitaon'a 
engines; «r, wtutt li batter, thongh lata aim pie, to con pie 
the enda with reveraed linka, in the «tvl« of liu- bi><^ri<; >>priiii;a 
of D. Gooeb** tank-engirw?, wbieli ari> luunJ to work Uauli- 
fully. The objKt in all caaft aboold be to place the end- 
link* on tcaaioa, and not in a itata of eompreaaiaai aa tba 
•q^aiBblMW jBtiia CMiaiaraaia ia ataUa,in tba lattar 

T^a^jaat tba kt4a m lha iwyaodia mIm, if «twa in 
aamber, tba IIbIei af at Itaat tna pair of apttagi an uoally 
iiiaili' ultli a fvtfw adjvatnent. If tim springs I>« of i^ivyl 
material and properly eompoaaed and teet«<l, the rariabW 
Uoka are nnneoeaaary. In aix>«onpled-wheel enginea they 
ata oat faq^aiiad. bi paaaiBgrir ingiin% tbara ai? naaallj 
aaaor twopaimaf apttagaaa (HadLta a^nttUntatlM 
laada and to the wsaUier; two pain are latamij whio tba 
level of the engine reqairea adjuatoient. 

The whole lubjectof axleboxr^t and nprin^A will le revised 
when «• eoBM to iba tnatwent of earru^ and wi^g^- 



i{ aa ua aaa rairtiaHii, oaH 
daaa in pnrpaaa. Otltai^ { 
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Vatvt-Oaitm. 

tv the following diaeoaaioin ^ the engine, it is to ba 0^ 
Mrnd Ibat tba dimanaiMis given and tba rinigiw maul* 
nandad him nftMiaa generally to engiiMB with tba amal 

15 to 18 itn.'li cv'iintiTX, <)(i'<'pt wlit'n olli«rwI-<ir slated. No 
attempt it mavle to j^eneraliae for all ohwaea of eogioea; 
particular cats may bo Mttll OHt Middiqg It tbi diiVa- 
tion of the dwaiyr. 

Tba^UniitaBMaBtiaiaaHjaf aaat ins, aad i&mM ba 
haid aa!l haaogaaaai, ta vaur wO aqnally. They 
imm, ta ba iam, bato muJk, in » lair taataMaa, of wroagbt 
iron ; and though lighter than eait icon one*, and perliapi 
more dorablei, thoae of wroagbt iron are very mucU ooatlier, 
and are not likely to eame into genoiml tue. D. Oooeh 
auplaja ta^gfaaaad caai iian lor bia lyBadar naitiup that 
i^*«litiiiaa< wnJifiairtlMij tUiJi^iHi biBafa, 
tba aaly prapir appMwHoB af nm^imn telMMMlita' 
eylindera, and it woilia well. 

In letting out eyi lulors, tlir cKicf pointa to be oboerved 
are, to place the cyiiiiderB and T»lve-ebesta as conveniently 
0* poaaible cl(«r of the wheel*, to bind them well and solidly 
t^gathar aad ta tba ftaiai, te bata than laay af ataaw and 



awl taiMiha tba a t f na y w M iaaaaiy.baTfag^i lit aa l 

and aoOeient exhsast passage. 

The conditions for well-plaeinj; the eylindera have already 
been examined in treating of tlio fratno physiclogically. 'I'ba 
valre-efaest ia osoally cast in one pii'^-i- with idu cylirnlpr, 
and ao placed tbat tba valve works oo e<\^''. ; tlie valve- fae^. 

giaat aamaaftaftr tlia taJna tah^iaiiMil. TlMejrliii. 

den are fixed with flanirrs c&st upon (hem. ami extending 
their entire leneth, uliit-h nrc \«oll filtod and ljult»d to the 
fraii)i?-plal<^8. 'l'hi» dnnv in a gre.'vl variety of ways, dis- 
playing more or \m» solioitade on the pan of the desi^era 
to effect a firm and dorable nnioo. loaids cylinders may 
be very aonplatdy baaad. ai tbagr mtf, bom thair piasi* 
mity, ba bohsd togetbar, thmrfif tba taovalfadMata Into 

one, a;iil bi lled by nut-«r llaopi's to ihi- fn-ir ■ latos ; thus 
makiDg a \»ty porf^t union, tht) franio and the c^Undera 
bindiog aad stifiiMiing each oitier. Soaie makers, aa Sharp, 
and FairlMHii, bait iaaida aylindan to tba fraiaaplataa ij 
4a^p^ tba fta^ fir «Im 
purpose. Otltai^ SUftMBt Wibwn, are content with 
Itanging the eytiwlNi tnm tba ftame by upper flangaa 
alonr ; ill this wav, » sinipli-r frame is nsixl, and, the cylin- 
der« being undarLung, tL)«r« ut frtedom fi,ir lUeir lateral 
adjiutmeat, Stephenson, with his outside valve-gear and 
aiidsriiaag agrlisdaiab laabaa • baaatafai aad aaUd hand kf 
^mriag wf Imt iaagia ta Jah tbatetmriiAt 
ftampiataa, aad by j«ining the eylindm tigrilM 
dig Um eiAaaat paasage batwaen tham. 

Outside cylinders are placed above, \>fhv, oi a::am«t the 
outside of the framing; in the lattar caaa, of ooarae, the 
framing being excluaively inside. When inclined opwaids, 
llaiiaM aia lliinini linwii ta tha fta^hifl na ahinh Ibij nal. 
lavUAaaMteftaailaKAaaldbadaaUataafbiiftinaar 
and more central onion by maana of two disttnet flanges, a* 
dona by Allan and by J. V. Gooeh. When the eylindera 
ar« horizontal, thfv are either underhunq from double fram- 
ing, as doDS by Siaclair in his tank-en<;ina, or bolted by 
'appar and lower flanges to the in^ido franieplate; in both 
•naa, thay uaefaUy atilHl tba fiaai^Iataab aad atMagOan 
lha kadfaif asIegaaHa. Whta tlw t^Badna an piaaad 
behind the h'sding wheels, as in tha smaller tank-engines 
by Adams and by Stephenson, they may be very rcm- 
plctely fixed at the double pointa of attachment afforded 
by tb« frameplates, and tha tia4>ars unitii^ the lower soda 
of the aslsgnaadiL 

Ta add to tbe secarity of the cyl'Mdar hataainga, when 
aftltar imdarilang, as by Kitaon, or orerlniif, aa by Allan, 

(he flan'^'r-.q may be extended alon;; tlie frame aad ballal 
beyond the cyliudcrs, as done by those makers. 

A nnmber of stiffening ribs are inserted transversely, to 
atliaa and biad tba janetMia-'flangaa taigatliar and ta tba 
bal^crftta tyUadir. 

Tlw ajliadm an mada opia at tba nda, and daaad by 
east iron covers. At each end they sbonld be mada a littia 
l.ir::er in diameter, just iH'yond tho Fpace traversed by tha 
pistoii, to csceive tlie dttbris of greikae, priming, &c. that 
may be pushed over by ths [uston. The front cover, daa^ 
ia tttiMd ta tt tba widar part, aad tba astn width ia anp- 
peaid to ba at kart ai gnat aa tba tolil aliamaaa fee 
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r»-1>oriilg. TLi; liiiiJ euil ut' tke cylinder i> nsaftliy cast 
«iih » redaecd circular oponing 5 or 6 inehes len than the 
diaaelir «( Um «7lind«r, and m iitad vHh a mmUw mvw 
to TIw i«liiaiN)it wUdtta «qiit«alwt to tMkg m 

inaide fljmgB to the cyUnder, ia tuppOMd to M B M l ill Ml y 
to it* ctrmglh, and it mak«« a mor* compact anion i*H1i tht 
CO»*r, wli*rO Jp^c* is an objeiU. Tlie liind cover is in some j 
caaea entered from wilhw, as bj Allan; Irat il nbould be i 
pat on from without like the &<nit oovcr. J. V. Oooch, in 
ilia taBk<«agiB«, oaau tha kiad aam, with itt tuMng 
hn, in on* pi«ea widi Iba aylindir, Ij wkkh all jnwtiona 
tit ih-M [lATi urti di>p«Died with. The eovan abaaM mako 
truly eyliuirical joinia with the cylinder; th« front corwa 
h»Te in some caaea, ai in J. V. GM^li'a curlv ciiijiiir, h'fn 
made with conleai joinla, tha taadency of which wa« t« aplit 
the eyliader, wbw tin boMi mN MNmJ Opt lOd h did 
ae Dn^MBll J. 

TIm dear iaaida fanftlk af tlie ejlindar ia i mn aa a iily 

npial to (lie BtroTce, plus tha tliickiies? of tlio piston, plua 
tlie clcaroucp oS tLo curer at each cm). Tliv cIi'Maaeo is 
from i to 4 inch at each Wtl, niosi (-nnnnonlv i iiicli, ami 
ia provided aa a eafety-ipnce, to allow for variationa of the 
length of the connecting rod and other canaas affecting the 
pnoiMp«iiti««ttlMpitMiBtlia«gplia4«rt Itianiafitlalao 
M a rrfnga hr wvi «t «tl«r aetomilattain, lad fcr water | 
in tli-i cjliinltr. wliptlior Ijy jirittiin^ or tiy eninlrrMtirin. 

fck>4iD-»aya arc cast in "mi> willi tlin c ylmilcr, and on 
one aide, terminating in tlie tlixt table or valse face, cu ^ 
wbidi the vatva worka, and where the diatribution is con- 
laatad. TIw aaaAnMl ana «l Ika ataan-way k tha diief 
item of calculation, and it nalMN llttla nkMlMr tin paa- 
aage be long and narrow, or dwft and «Ma: tba |Miftlealar 
dioiettsiniis L>r<j malti'rs nf cunvpntciifi'. Tli« Ieii;;tlr of the 
ateam-porta in llie valvf-fa'-e, is usually al>cjut twia-lhirda of 
tba diaoNter of the cylinder, and the poaaage ia eonUnned 
af tha «Maa aaetian to tiia ejrlindar. Tha faea of tha table 
iimtll^f pnftala at laiat i laA alwf* tin aaMmnAfaig bral, 
to keep Ihe anrface cIcim-, and to allow depth of metal fat 
wear; and thv p3.<t.<ing«!i <<ho>iti! penetrate the table^orfaee 
perpendicularly for at Icait ^ iricli. The stc:im-p;i4aage« are 
oanaUy mn partly into the covers at boili ends of the eytin- 
ders, to reduce tha amount by which they would otherwiae 
aat into tha bod; of tha a^liadart and eonatqaantlj alio tha 
aanait hy vhkh the ptitaa nauld avarinnf the optDin^ 
when at the end of the stroke. 

The porta are wraally iiniahed with eharp rectangular 
corn^;r6 in the raivefacr-. Allan slightly rouiKls tlio angles, 
and this ia found to wear b«tt«x and mare sveuiy with the 
Tahe, the iliding aurfacea being li&bli' tu wi^ar into groorea 
and ridgea, particularly at the angles. UnifMBiitjof wiar ia 
proraoUd by ao adjusting the length of tin taUa thai tin 
Talve may a«aiidfiaU|y aambaot H at eMb wl af tin 
atrak«. 

Til.' valvccheat, tliuiii;h usually in 3 piece with the cylin- 
der, i-i hy tome makera, aa Allan and D. Oooofa, boUad to 
it; tbel^tarhMfdnehaatbatwoMitlwtiralBaidaayUii- 
dara. Th« aapanla eaating permits of a more convenient 
aoeata to tha eylhida^tahle fur planing and dressing. It 
ehould be roomy enonp'i to all ow tin- valve full play, anil tu 
allow the fne ciroiilatioD of ateam round it. It should have j 



deep fiiiini; strips on llic sides, by which il. may be planed 
and fitted to the table, and which may al.m act as guides and 
alidiqg«irfiMaa bt tha valva^ oad ae Car taliata ^ ipadlfc 
The eoTcr nqohvd Ibr tha valTodMatt of outride ay Undaia, 
is umially of i or i-ineh plata4RHi, (ornung the bade sf tha 
cheat, and affording the means of access to the inside. With 
iii.*ici« cyliinlcrs and valvechests, where the chest is narrow, 
the cover ia applied ia front, aa the beat available pomt of 
accesa; and sometime* alao at tlie back. In the broad- 
gaugaangiaa^ «h«n then to jkotj of nan, tha com ia 
appllad Mow, and bran tha hotl«H«f tha (bial; arinm 
bein? cfTfttcj throngh tlw bottom of the smokebox. In 
Shsrjj'fl i;iiuil.t-«:i;,'ine, where the valves are underhung, and 
the valve-fact-j nearly Imri^fUtAl, thu whiilt) boltoni and ends 
of the cheat are renioira^le when rvqoired. Stephenson's 
outside valveehest has the eover on the ootlidl^ mi I* ad^ 
uin^ in tha ai«K aaoaatiUo of all jnaitioaa. 

Tha hodjaf tha ayliedar iaaananj|i«h thidk, annw 
timea i inch, and even inch in gooda-enginea ; tlio istvam- 
paaaaee mi v«lv««ln«t are I to } inch thick ; tho (laiijcs 
nud the end cover^i of the oylii)dcr and tho chest, gcucrally 
1 to U inch thick; usually I inch, though thti rylin lfr> 
covcri and the frame-flangea are aometimes or \ l inch, 
partieiilarij tha flaagai, «iiiaK (ha^Tliadaiaan aiuoh ondar- 
I huDg, a« in KtlMBni af^aa. 

All the ji>inU nhoul the cylinders are mado melal to 
metal. The cuvers ij.'' the cylinders and valvecheot are fixed 
I with stud-hohs and nnt.". The bolts in the crlinder-eoveia 
are } to 1 inch diameter, plaeed at 5| to 7 inch eenlnat 
in tha *al*eeheat«iv«ra thqr ai« at t (» 4 iaah aMrtcaa. 
Inatda oyUadan ara hdtad together at the valvaohaatjainkt 
with f to 1 taoh Mta and nnts, at H to 44 intli aanttaa. 

As to the fixings to thu frame, when the cylinders .ire iiiiide 
and bolted together, and are 1>uUik1 tu tlw frame-Siidea l>oth 
above and below their centre linee, 10 or IS one-inch bolta 
and nnta to aaeh cgrlindar an aaffioiant; bat iriian aithor 
andaliam ar ofariuny, htandly or taitioally, 19 ta W 
Ix^ta aad nnta are applied, | to 1 inch, usually 1 inch diap 
meter, to withstand the unavoidaUe leverage of the steam- 
pressure tJpon the oylinder-fivinfTS. 

Tha foregoing data apply to oriiiuatry eylindero, 15 to 18 
inchaa diameter. For smaller diameters, of OOWSa) looa 
elabofatapiepantians irillaaffioo. With Bory'a eaooptiaaal 
fiaoUk ottlj fbvr holdinK bolta are applied for aaeh eyiindar t 
wings being thrown oat and fitu J to tlic lower sidea of the 
frame-baia, aad keyed up bctwecu snugs welded upon tbeoi. 
Thus tlu' brilta a.-o relieved by the anwga froa tha laqpli^ 
dinal straining on tha flinders. 

I For valvechoat OOTI, expoeed to smoke and dost in the 
smokabo», hraia vala an pninahla to fann, aa they alack off 
UMN aaailyt and the depth of dw n«a tihould be greater 

lliali the projection of the hell-ends, f ir Uiusann' rcasan. In 
si'ine cajws the nuts are capped, and «i)tir«ay «tsclo*s thu Wl. 

.'^'iitfiii^-Uxci and Glandt. Tho stoffiog-boxes are oast in 
one piece with tJie hind oylindeiweovar aad ralveeboai to 
which they Iwlong : tha fbmar earrieB alao tha aua or 
fixinga for tha gnidabaia^ thaa pnpatlj idoati^riag tha 
paralM notian aa a eoatmoatloB of the eylinder. Tho 

>tuinni;-«j ace round the p'^t(l^■rod is 5 tu J iiicli, ari'.l the 
j box is deep enough to hold 3 to fi inches of staffing ; round 
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fbt jtln-ni Hurt b vmMj m I hdh tpatti, f to * or 3i 

ini'lK>!i (Ic^p. Tlie Ihix is fifto'l witli a slwit bras? necliir:^ 
to guiiJs tile pistoii-r;>'i. ai.rl llio gUml is nf hm*? turnoii ti> 
fit tJi* box ex.iTtlv. Tlin ncrkiii.' .-iinl the ^'luin! am Ir l- 
loHwd out toward* tl>e «tuQtng. to bring it to bear npoD ttm 
rod trlMa ondfT pressure. The gland ia act op tjr t«i» (tod- 
Iwills tspptd into til* Vnc, pMiii^ thmqgh wing! aMi «a the 
flMii. with • mrt and jMn-ml l« «Mb. A mtll efl-diam- 

Ijcr i« u^uallv ^-a^t iT) •■.u'li jjlaiiil, t^i i/;! tin- rn^t. filti'il 
tl *vpholt Jjftitesajje, ail J l^iii_'i"l cover. Tiie valvs-rasl is cmi- 
tinued for*up|Mirt throit;li tl;o f:ont of t)i« cheat, aod worki 
11 • wmihI •tufiog-box and giaod. Thia front gland it, in 
•HIM nun. IliiiilMd with a clo«« ehan>b«r, as in Allan's 
Mfl^ to whiifa tht wl<w-nd imk>t «r it iM4e » fixtnre 
and MT«w«il n, sa ro J. flwMfaV b <liM 4iaM, small 
b nt'-j nl niiM be drilled for the eaeape of the lw¥<|tt The 
opa £iucli:ig-box appears to be preferable. 

Walfr-eoeJa are tapped into the c)'linder-«astings at the 
lowMi {Mjott^ to dnw off Ibe mter that aeegmulMct within. 
Thtm ■bwM b» qm to «mIi «iid «r tlw ^Kndar, twd to 
Um vdreclmt if «|KiMd, ar to • low position, as in Sharp's 
goods-engine. Thejr shoaM him a ^ or inch bore ; not 
lart:fr, (ur wlipn t]it? runs \%jih tl<t*ni uih'Ii. llii-rr u]' 

COUroe a consiil 'ral csMp* of RUam. 'I'hey should i>» 
•anualad and »nr<.r t li\ » liamJIs at the footplate. 

Ortam mcti «r« tised iot tb« iubricatioD of tlto tgrlinilota 
tai nlsva. br whidi aiiltod Ulhw la aufltjad. Thtm 
abaaM bo one tapped into Ibo front aoriMr of aaeb qrliadtr, 
and one let into the side of the smoliebos with a tube (o 
I'Ui'li v^ilvr; tli(iii_'li si-Kral makert aro Cdnt-rnt wi'.li tlif 
r^'linder-cock* otilj, leaving to the exhaust steam the 
lubricatioD af ft* «alia with what it can earrj off witli il. 
Olhan aaa aa gnaat-aoek at all, and nyaot tin tallow 
tlutoiigfa th* waMr^oeka at abwting'. Staaa itatif la a 
lubricant, for we know that eqg^aa naming without steam 
are liable to heat their piatons If not otherwise lubricated ; 
aii'i, on lullv l.nes, wlnri' llii- '.tiixlrji hare long dis;aiicfs 
to rtiu wiiiioul steam, the grt«««-i.ucl(s should be itiodv 
double, with a reservoir, as used bv Sinolair, on the Calo- 
doniaii Bailwaj, from which taUinr maj bo diwliaicad into 
tka igrlindir at tho proper pointa af tha aaad. 

riTAPTKB VIT. 

Pisioxi are in three parts : the boJv, kcjed on the rod, 
til') chvit ur ju!io-ring, screwed to the body, ftinl tim pai.-li- 
ic^ ri;ig*, between the bodjr and the cover. The bodjr and 
eafer are usually of east iron or of brass, moat aoaiaMmly 
tbo lattof I bfaaa ia pnfonUe to imi Ar piston^ not aialj 
aa It if lighter, but idoo aa H nptnrN t«a fMd]l3rfliidar tbo 

action of primln,-. s'aok h-k". iiiu! oflicr oIj?tru 'tions, and 
gives warning «f ihcir jirf«B«e. They iuive bttii proposed 
to be of wrought iron, for the sake of lightness and strength ; 
but a piaioD ma; bo too strong, for it it bettor that the piston 
sliould jriiU. than that tho eylhider afaoald la firactured. 
Tha riaga are generally of cast inm, MnalnnaOj of bma, 
ant hambttn proposed of sted ; Mil ialtaya to fiMtaif, 



1 1 and to grip and cut the «3r1hidin ; knM wwfca iweotly, and 

ttpts liL;lillv nil tlio <•■. liiKlt-r, but it Wfars rapiJK', an J rc- 
qmrc? frfJiiieiit inspcrtif-n ; rast ircn is peiicrallv the best 
niatcrial fur packing liii^s. m it Is tlm ino^l •lurablc. and 
I il properly attended to when newly put ii>, the riugs woar 
' well and smootld/, polish and preserve the cylinder, aad 
require little iDopNtiM. Whm tho <grliiidir la of aoft iiVB, 
brass is prefonUo to oMt ii«B for ria^ aa It dooo not injoro 
tbc c\ I iidfr. Mr. Allan finds tliat a inixluro <>! 25 f2. tin, 
miti i oi. zinc, per pound of euppvr, vvui k^ Wit brass 
packing. If the metal b« much harder, having more tin, 
j it wears tapid^jr, and nqnirta daily ioqioetian; if aoftar. 

the ring! jar awl wwk «iitt«*dilyt and aa( thanatliaa. 
I The walfaa aai ttaftw toaanod at openings of Aa 
I ring*, shontd bo «f biaa ; nd At oottlng spring*, of stteL 

I'i.'iliili-riirN b.ivti broil iTiaJe nf slid, b'lt tlify are DOW 
; prsf^rrud o( i<o»'u)oor, or the best errap iron, as they are 
thus less costly and leu liable to snap than steel rods. 

Aa the dot; of tha puUag liqgi ia to follow the inoq^a* 
litioa af tha^rltodir, tBAiBaha • atagrt^ piMao, ttof 
ehonldbefre«,ande««j,aidpliaUomaati«it, Thoi^lindv 
W(«rs moat rapidly about the middle of ila length, under 
[ tliti aetion <.( iht^ piston ; and durinj each rrriproc.aUon of 
the pittou, ihf ring expands and contracts »cc«»rditigiy i oot 
quite circularly, it may be, for the cyliuder nsoally wears 
ofal vatticallj, bjr the woiglit of tho piiton. Now, to meet 
tho «fal w«ar, aa wall aa tin nwdy draahr, a ring oat at 
four pointa, in four segments, works better than a ring in one 
piece, cut at only one point, as it deviates more readily frsni 
I the nnniiat form, and it also expand--' <*-:\i Km transverse 
friction at the circumference. For esamplo, t{ the total alter- 
nate action be \ inch, on the circumference of the ring, it 
wonld be diattifaalod o*«r tho opmiiigii «f tho ring in four 
eejimentt, and at no |iauit in tha altwnndlmoea wM tha 

tran.ivrrac Irav, I i>f tlie rlii^ ou tlin cylinder exceed I inch ; 

: wlicrcas, in a liii; of cnc pii'cf, tin- transverse aetion is neee*- 
farilyaecnmulatc.l to«;(r.l!i<.inrop<'ning,wbereit rousl ainuarit 
to i inch. Thus not only i« tlie whole transverf3 fnetijn 
graator with tha riag in one piece, but it is nneqnaUy di^tri- 
hated, being great«-st ahoat tha openiug, and laaat at tho batt 
of the ring, or the part dktnolrleally opposite tho oponinf. 

The expansive foreu sliouM be tbv same ,it evf-rv part nf 
the ring, to equalize the fttmun cm tlie surface of ilie 
cylinder ; and this condition is perfectly comi lied with by 
tho foor-eot ring. In the single-cut ring, the uneqnal 
tnnamaa friatin deatioys the eqnalit; of pnamro t and it 
is obotrvodm praeti•otha^wharlM thaliwr^atiiqgiNiia 
equally at all porta af tht oimnSifiiMiii tt* mdJmi;r 
!':i>::U'-cut rin^ wears aUafljat titoafaaingiMd ia not aa 
dur&bie aa ihe other. 

Single-cut rings are made to operate partially by their 
inhofODt olaotioi^, aid partialljr bj tho aid of ttoel ^rioga 
whan that ohalintyHoiiliMattd. Thr iwtmtador^ta^ 
ally to a larger diaoMtor than tho cylinder, abaat i toah 
more for a 15-ineh ptatOB ; a piece ia then e«tt out of eadb 
ring, i to j inrli, ,-iod tho ring eompres5r<l i.rarly t" tbat 
extent, so that its ends nearly meet, when it ju«t &u the 
cylinder. Operating thus by iu own elasticity, the expan- 
aita ferae it wiilnnii throiK^umt tha nag, and tha ling ia 

[ thanto ito htataaaditiaB. Aaitwawa and «i|iairia,tha 
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foree of the ring twcomes I«m, tai it Miwted the internal 
Bprir^ wliicli, acting' on a wc(I;;e placed in tlie opening, 
more or los? j^crfi'i-^y supplies (he utceaaiy elMticity. 

Tli« »i> <'l "prills'* were in «*rlier plant made to abut on 
Um bottf of tb« piMdo, M in Fig. 889, vitii • ttHtnm 
«»ad}UtdNpMin««lllMiradg!k Bm tin ntinwM 
CtmitUly Imptrfaet, m ih» ontward pressure on (he ring 
WM eonflnad tnttrely t« (he neiglilwurhood of tlia vredge, 
anil ciiosequently al:<o lUfwi ar; an.l tljiniL;li, mitc line whole 
aelioD frictionlesa, (lis UUiiitl pressure ol tii« we^ige would 
have been duljr transmitted thxoagbout the ring, and tJie 
injMrfMtiam mntd k«t* bMB ndncad, jai tin Mtuai tnu- 
vwM M«U«ii bitiiMB tb» mAi of tin ling tad tilt eylindtr 
Torjr much absorbed tlie action of the spring ; and hence the 
verr piartial action and wear which really existed. The | 
ntxt Elfp wa5 to UansfiT tlie abutiiifiit from tliD hady of 
the piston u> the ring ilcoll, by pruj<'''ti>ig snug* from the 
iniido of tlie ring, to leMive the ends of the fpring, Ib 
Futkun't pintMii tiwwrtw r w wi iwi cf Uwqifun wiM» 
fidlj emfioMl to tke Mj of du ring, tnA d» onib'ifagal 

pressure wria belter Jistritiuic-I. In aiiu'.'itr nnv, bv con- 
tiiiuiug tlio fjiriiii; ruimJ tiie bi>ii_v of lliu iii.fluii, and ;ibuU 
ting it t«n tlio (i|i]>!,site side of lli<' rliif.-, as showr. in liulliiig, 
Fig. 900, U>« «l»stie pressure waa coi.fined rhiftly to the 
Mo ophite parts of (he ring, and at those points ebiefly 
tha wttur tt the ring took place. To diffuM the pressure, 
tbs mndar «pring was Bually modiM M (d Fig. 300, (io 
full lining), ami formt-il to liear conlinijouMlv on tin- iii»i-:ir- of 
the riug. Th« virtiuUr >ti^ k in 6aa;s! &m» «ut the 
abutment, opposite tlie opening of Uie ring, to give it liberty 
for cxpuMtoai but tbia introduou the aleDMot «f firietua 
tatamn IIm if^*^ *^ 0» tiag, umI it baddit tif ao oit. 

Packing-rii^ £i tM |>itet art titbtr tooMOtno w tectn- 
tric,— that is, of tniftni tr of tapering thiekness, ai in Fig*. 
300, 301. and 002. Taper rings arc out at tlie thinnest or 
the thickest poiui, as the fancy may be ; some preftmiig a 
aaiformly ehutic ring, others, a more durable ring. When 
(Im ring it tnt at tha tUoktit point, it WMia lata iiatquaUy, 
IjnUtBct tttmpitftedtwt mi, kwbigiwM* ttiiff Ar 
wear aboot tbo opening, ft Iiitn Imgw tbw wban tot at 
tbe thinnest point. A eotwtBttlt ring appeart preferable 
Io either, and practiL-.ill v ai Jiir.;I>Ie. 

The wedge sliouhl ho wikd,: to a uagderaU angle of about 
fO° between the worl<itig tmrfaces, t« combine proper lateral 
•ttion to tbt ring, wiUi fret and nwdtnrtt notion ndial^ i 
and to fnatmtiitciylindac banliia iijoritwaiitioa of tbe 
wedge. 'The sharper the «t^«^ the mota powtr&I is its 
lateral action ; bnt the more aetlTt alto it tnuit be in ad- 
vancing and retiring, and the more lial h- it is to scorti tlie 
cylinder and to gag the ring. A more obtuse angle, 
again, givn greater freedom to tbe wedge and a sliorter 
raagt, bat tbt lateral tbraat it ladated, while the ndial 
tbraat it inenaiail, tmA nddt to tltt frittitB bttwato tbt 

riii^-and tlio evllu Jer. The Mt-ecfew niay be eltlier scrcvi c-d 
into tl:i! i!_vi! of tho cpriuj:, or ptsaed through it, ,inJ iixed 
in eitlier L'.i-ie with j.kiii-liiita. 

Single-cut rings are used in couples, placed with the 
Openings at right angles, to assist in neutralizing the partial 
nttioa of ont m tht eylindar, bj tbat n( tbt ttheri alto to 
bnak joist, aad to «oniplMt«aUiBti|b«famlt. Withdta 
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same object, a braai tongue ie in some cases tnserlcd tt tbe 

opninL; of the rin;:, and let c<iuaII_Y into both jaws. I'nr 
smaller piito&a, oa« ring mnv suffice, and the joint may bo 
made by fixing a slip uf br^-'s half the depth of tit iia|g, 
fludi into «et jaw, and ma4« to oftriap tbt othtBi 

Hdieal packing in oat pitoa, 7!g. 800^ hat bi«B.triid, and 
haa ntteily fiulad. It was found to break «p wluB (ha 
cylinder got a tittle worn, as the great Iraatrent frtetlon 
iit lliir circunit'oreiicc, aci'iinnilatoii upon four co:)*, ch-priveJ 
it of the power of contracting after it had ezjtanded into 
, the wide part. 

In Goodiislknt't patking, 2<67, amploytd bj Sharp is 
bit gaodi.«ngintk tiiigl»«ut fii^ tn apfditd to tbt bttt 
manner. A circular steel epring bean uniformly on the 
entire eircamferenee of the packing rings; thus dilTosi^g 
the pressure, equal jzln;; the wear of the rings, and increas- 
ing tlieir durability ; being in bet supplementary to theai, 
tad supplying the necessary range of elasticity. The rinft 
an out oUiqntl/ on tbt bm, vbicb Hmorai all liabiliij to 
wear groovtt in the cylinder, 

AnothiT avEteni of sln^'le-eiit ring, with diffused pressure, 
is <;ui]i)o_vci! by Stcplictison and others, Figs. 2.10 and 'IM, 
eonsl«'.;ii|; of A p.iir of ordinary ring^, w itli one interior eon- 
eeotrie ring, ou whidi four or five springs are brought to 
bear, and through which the pwiMH b difliiied. The 
ringaattol braii^iRtbthtolyMl,wapntiBi«^«rmdoa>qg 
tbtir trarbing friction to a Minimaai, and of teononidag 

tln^ ihii'liiicss of metal in tha r^n;;''. a' hri'SJi wears' down lo 
a iuu«a lii&ti tliickii««» tlmu c4Uit ifun, wiiliout rupture. 
These pistons are on a good principle, but rather compli. 
cated in det«il. Indeed, «ro night Bttntalljr atk wbat it 
tlie use of the inner ring at tilt vAj oMgr M* fha tpridgt 
bt applied directly to the outer rings! 
Of packing-rings in four segments, Allan's, Fig. 274, is, 

we heliev<>, tlie hent in dfad. Tlie sprin;;s are in o;i<: con- 
tiauaus piece, aitutiing an llie four corners of liie body; and 
should one screw get an extn tnm, the extra pressure ii 
partial^ tnaaaitttd to tbt otbtta, and diAutd. Xbanit 
lNitomring,aBdtlwmnntiimkaU-lapp«lat ilwoidi, 
and made steantifbt 1^ ta^gna, Tha vtdgta m vnjr 
obtuse, being fannad to tB an^ of Mf ; thus tbeir radid 
niovi-mr-nt ii camparatively small, and tl.ey never reach 
the »urf.iec iif tlie cylinder; while, by tlio diviiiiiou of the 
ring into four part*, their a«ii<in \* free and indeed superior 
to that of tbo ibarptr wtdgtt uiualljr to toiplojrtd. Tha 
wedgea in faoMnt rings, alto, woik mom tnly !a ftOowing 
up tha waar of tbt ring 1ba> h al^gle-cut rings ; because, 
for a given wear, tbeir radhd ditplaeement ia less, and they 
ll.Uii dlllVr \vtsi from the titi ritl an^^I^j of the opfiiiiii;n. 

Of all tlie varieties of paciiing, that which u now mo«t 
gtntnUj employed, is the single-cut cast iron ring, Fig. 302, 
aoMOtrit and divided at tbt tbiekaat pari, and apnng with 
a wadga and tmtinnona ittd ipti^ 

The pi<tuii-roi1 is usinilly finiahod with a taper, entering 
by tin) front of tli*! pi.-ton, and eottered into the eye. The 
junction nni^t he ex:iot, to he durable ; and the cotter should 
have a lutig bearing in the eye, which is thickened or ex- 
tended lor the purpose. A nut i^ in some easea, screwed 
on tbt tnd of tbt nd, aa an addit i wai aaaorit/t bat it 
it Mt to la difiiidad ta, AaM tbt oottir alaak ani. 
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BtlfliHuon anil ollten 'li'miM tho coUor, mJ •cr«w the 
sgd diMiigh th« bad/ «f tlM pialMi, fisiiif it witb »tn»U 
MOBd pin piiHil tliro^^ Ibi iwl h4 tt» taM tofitlitf. 

Tlie beat fixing is that twjioywi fej D. Gooeb and J. V. 
Oooch, Fig. 247, who form eollara on the rod, with •quore 
necka, again?; which tha bftdjr Mid cover aut hr"Ui;ht ami 
scrtwed togvtlier. Th«r« i« do totter to work loois, nor is 
th«r« nj »tnuB oa <h« bolt*; and hj only alacking back th« 
bolto, IIm pitlM muf mmiy h$ tibilitd raund w tha rod, to 
chngatliannrGwaBinda^uSMtliiafmar. Awrao^lron 
piston for^c J i^oli 1 on the rod would probably, in re»p»et of 
solidity, bo lh^^ br«t fur hi^1)-(p«ed eni;ines; it woald be 
lightest mill iiio^l liunM*, and if the discs for^jed on bu:Ter- 
ptd end* we worth tlie workmanship, ihn solid p:strjii sUuaid 
at IcMt •qnally so. 

Tha aoaar ia hand ont to lit tfw anda al tba baai, and la 
•eiawtd to tha body irttli fear or tm Uppid belta. whidi 

•re prevented from (iiiiloin;; tbemselTe* by a piffp of alieti 
iron indented to dip lh« liolt-bf»d«, and pinnsd to the cover. 
Fairbaim inserts braes nuta into the boJv of the oast iron 
]Mt(Hi, Fig. 233, to reeeive the bolts j when the bolts are 
topped bio the eut-lroa, tho thrtod waan off, and tlie bolt 
Aiii-ana. aad inerrMM the danger of raptara. The boU- 
haadi aro aonally let pi iiaUy or wbollf into thoeover, to 
reduce tlie prijcriLun on the piston, and the retiuireJ ckar- 
ajioe. Sliup taps two bolls into the eever, which bko 
remoTed and lipbtod hj handiM «feaii tko oooit la to bo 
takes off. 

Thotnigkl of tlMflMw III U am fiateMa, parMly 

thrown upon the rinei«, by a simplo ompUng; ao ia Fair> 
bairn's piston, Fi^f 833. The fixing serves also to retain 
the ringa in position; and the two rin:;s may othfrwise be 
coupled by a smail pin tapped iiuu oi:':', and let iiitu tht' 
other. Circakr springs may 1"? scrowi-d tu lli« rlng^ .%l ihr 
bott, aa ia D. Gooeh'sptaton, Fig, 247 i or tinj mty bo aitfi- 
oiontly £xod by prigeotiBg tto baad of tho o atowot r iMo 
the bos». 

The entire thickness of pistone is nanally 4 inchea at the 
eircumferrnci', fur 15 in:Ii [pi^tciis, iipto 1-' in<-htM fnr 18 inch 
pistons: nia4e up ol tb« ditc, tli« riu$r«, and itie euvrr. The 
ruling thickness of metal in the body and cover ia | to 
i inch for oaU inn, and i to i inch for hraia, utado at 
tho rim to eonpleto tho mqnind tUoknooa of piaten. Tho 

flii.-kni'Sfl roijiitl tli^i cy?, when Ihe p"!ton ia cottcrcil m 
scii:>\vi iii, >» i l« 1< iiicii for bra'H, and li inch for cast 
iron; and Allan extends tho briiiti;' (it tfip cottir to 
8 inches on each side. Cotters are inch thick, by If- to 
If inch broad, with a taper of 1 in 33, or | inch per foot ; 
ooaaaioaallj opUti or ind bgr a bbibU apttt ootlor. Tho 
oaraw-bolta Ibr the oorer are f to 1 hieb diameter. ¥ho 
packing-rings nre 1 ' in ! 1 indi I'nail, ar.il to ' iiK-h nitj.iii 
thickness for 15 isich |/ij!ti>iisi but itater pack- 

ing rings are I inch uniform thickness, the inner ring f inch. 
- Ibo eirenlar aieel^priDga for aingla^l lioga naj bo t inch 
thidt fer a obioii kn^ at tbo iot<Mrow, tindi nasi It, 
taparad to J^iaok at itapaiat of contaet with the rin^, and 
to I faieh at tho bull ; tboir breadth is the same as that of 
tlif rii < r ni :irly eo. In Allan's four-cut ring, thf .']'riiiu' 
is S inches broad, nearly inch thick at the screws, tapered 
toilMkaitboabataMBtiL Tbojiaton-iodlBHtoSliMk 



diameter for 15 to IS inch pialoos, or ooe-tixtli to one-serwth 
of tbo pialont irith a taper in tlw piotoa ofliB7|tolia8 
or 9t V viillj i iiMh Ibr s piaUn 4 kMhaa ttiMii 



CHAPTER VIII. 

CWMUIEAVS A»l> GUIAEBA&S. 

QaamuBS at* of wratigfcl inm, aada with a aotltat to 

receive the piston-rod, with one or two journals for the 
I eoenecling rod. and with slideo to work on the ^idebtn. 

'I'liey are arran;:;eii in two ways: — witli lateral glides ami 
I two pairs of guidehan, and with slides pia^ venicmlly asd 
OHO pair of guideban. The former is generally the beet 
anaapaMB^ Ukm^ Involriqg tno pain of ban, aa it gino 
tho btot aotioD, and admita of a linjla-ondM aoaiMetln red. 
The latter ^irps a )iTi!3Br corin<^'-tinc; mJ, and Is on that 
account sonifLim*'9 advisable, as in Allan's engine. Some 
crossheads with vortical elidt'S, are mado nith overhang 
jaws, so an to receive a single end ; but they are eaaentialiy 
bod, a^ while they considerably ahaitaa tho oaaoMotiaf rod, 
tbo alidaadoBotfiHfljrraoiiTothaalniBaf thaaoonaoliaf 
rod, and wwr nnatly in front, wbilo tho rfiUqno atnnn ii 
partially transmitted to th*^ piston-rod. The pin of the 
ero^hcad should bo Centrally pliiced, lengthwise, vrith respect 
to the elides. 

TlM piiton4o4 ia aaaaBjr finiahod and oottand into 
tho onoihaadiildi •taparafiiiidioB 4(t*StBdHalH«f, 

at aratoof aboot 1 in SO; Allan makes it 1 in SO. Cbt- 
tera are about 2 by i inch, tapered 1 in 25 to 30. Allan 
allows no taptr in tb« cotter at all, nor draw on tlio rt>i. 
but tDak«a an entirely saiid tit; othi^ra cotter up the end 
of the rod against a shoulder in the crosahead, as in KJt- 
aou'o angiaoh wilboat dapaoding on tho tapsr of tbo nd. 
D. Oooch aaaa bo ooHar, hot aoram apiritkannt, vhiehy In 
his case, ia more conveniently applied. Cotters iu general 
hold better than screws ; they shonid be roonded on the 
cd^c?. as dono hy Kit5on, as it diminishes the chance of 
fnctiin-. aud should be fixed with a set-screw or a split cot- 
ter tliruugh the end. The socket should be f to 1 inch 
I tbiolc loaad tho rod. Tho jounala may ba 9 ^ Si to 
I S taabaa hInb dngio, and S by S. to H 1^ 9t InAoa sriiia 
double; when single, they are ir^rrli d ;i> pins ii.to the ;:i>Tj 
of the erossbead, and extended, at U> i § iueh diaineter, 
to carry tlie slides; when doable, they are forged on. Far 
double journals, the fork of the eoaoeetii^ rod siraald bo 
just ao long aa to dear tha eroaahaad, and tbo gaidafaan 
mnat bo wido anaagh «||a«t ta daar tta atonoMtag lad. 
Tho altdoo aio aaarilr it «art inn, Whlah woAa woO with 
ariv tiu't.'.l t!iat niny I f opposed to it; steeled or essehar- 
; iiened wrnught iron &ces are nncertain, they are liable to 
cut up the guidebars; brass or white metal facings wolfc 
wall, Tho alidsa an 6 to 10 iaahaa long, with lateral llaaiM 
to worit on the guideban, and Ugbtsnod out, Haofcwortb, 
Fig. SOS, makes tbem 14 inches long, and sen«a tbom totbo 
cro9»head; this is too lon<;, for it makes them he»nr, and 

tb'> tn-i io of li\ !i^' is too f'.a''ioirilii ;(nd is urii' ri-vj:ir'.'. 

IThey ehoald be simply bored oat to fit Uie working pio, if 
latanls or to it npan fj^^idiicil atada an Oa aroariuad*, 
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if Either w»v, th«jr work «te«ilily ami ar« ntily 

replaced. Stojilifiisnii li.v« u<i-l % f.ini|i!e cr;ii<hrad, with 
doubU jijuriia:.-!, Fig. 304, in one pieee, Imt, fiom ita amitll 
depth, if iiieh«s betwesn the bMS, the conneetiag rod reqaires 
K myloiig brk U daw dtawkiila ka^ algudtUr, 
GnidabMS M«Sft»9<BAM Imad, If literal: mdito 

.5 inolio!!. if VL'rtic;>l ; 2 iliclies tJi'.-k at ll.f tDiditti-, tapercd tO 
U lv> li iiicLess at llti; «ud«. Til«^' are gvniiralif iwlted or 
Mrewed to leaU CMt on the hind cylinder-cover, and to 
Uodii or bruketa riTsttad or holtad to tiw notiDa-plate. 
Thedipa.Fig.907, larj«nniagto«oTMran«i|MinIvaL Ban 
■ra MMiillj nf iMiip lirni r—liifilimil. nr ■tadiil. ■nmnrliw 
«r mIM dtNT mmI, or of oait im. Aat im ban and 
elides work Terj well togeilui^ if fMgtfltj attfodod to; 
Siiiclair luea no other nctal. 

CHAPTPR FV 

Ooiiiiicma Rods, ahu Cucruxa Bong, 

CoSBBOTmo and eonpling roda are of wrap iron, with brass 
Iwalwi and iteel eotteia. Connecting rods with tiogla ends 
ara fiAtiU* t» tatkai nda; wlita Sutkad, tha btanelwa 
AaM b* aa abort aa pnetfeaUi^ aa loaf Ibrin an weak 

and liable to give way, when the email bushes are oneqaally 
adjusted or wear unequallv ; and they also cause extra wear 
of ihe sliJcs laterany, Tlioy sliouM at Ita.?! six tiiiu? 
the length of crank; never shorter. than five tiin«*. 
FIh liiaide eranka, each end is eoonposed of a batt and a 
Mnf coltaiad (ogotbor, mlb Uw baboa botwow tbaoii the 
largo boti tai atnp ahoaU boinHdl tela oao aiaai; •O'l 
tilt- (!nw should be confined to tlio strap of tlie cti l. 

Thus, aitrongnnitm is made, .in J lInilcnL'l fi oflKo nul is l<■^■> 
affecloi] bv tlicwcir and tlic ctittf-rinir up of tlie lui.slie.s tli.iii 
when the large strap is movable on the butt, like tho tmall 
one. Sharp find tiw Urge strap by dovetaila. Fig. iGS, let 
iatp both the atn^ and baU» aad a boH down tknngb the 
«bot*; fbla flkn urn latbar doKeato, and wban ibo itrap 
worked at all loose. It was llatila to fracture at tlie dovc- 
tail. Siiarp oaw Uintm^ the doTcUil and bolt; he he\i\s 
the ends of the strap and cotters them up into reeaHcs 
fimned on the birtt; making a perfect and durable anion, 
tig, Sttpbaaui fixes the strap by a couple of bolts 
andmta, X,]tt|nfali^bott,Fig.312,madot»aiinoaiMltho 
jiooisal OB duw ridio and strapped only below, rseoiTM oo 

one piece of lUi-lal all tlie lon^^ituiJin.iI strain ; It is a good Jdei. 
Others remove the strap, and fork liiti rud to euibractt Uia 
journal, as in Figs. 255 and 313, depending entirely on the 
oottar; in wbkfa tho eotlor ia (oo moeb oipootd aad tuaup- 
INttad. Sanoaiahonadbofiala tha wmkbit attapt U io 
genaraUy doraUe and simple. OthM^ t» MW* halidpnmRi 
use bolu and sel-serewsi, as in Figa. WOaai SIl; «f arfaUb 
the r>r ni>M- 19 too looM, and tha kiltaff haB la» fluoj BBall 
pieces for iitgh-ipiieil engines. 

Tho butts should be sqaare-ondi'd, to liavo a flat bearing 
OB tho baab} tho atnfa, alio, aboald bo flat Innde at the 
aod, aad laMidad obIj «b tha oataidak Ibr tho lonio purpose, 
and because they are stiSer than when circled or made lemi- 
oetagoaal as in D. tiuoch's rod. In ths latter case, the 



! bnsh, when worn down, ia liable to ykU &nd to be eocn- 
' pressed over the journal by the alteration and elongation of 

I the strap. For small ends, the form of the b^nring surface 
is less important. 
Outside conoooting soda ahoald ban tha ofank-anda hi 
OM forging; UiH Biadi^ thij an tbafiit tai ianhla, aad 
require sinpljaootlot; 8ila^Mnmi1i,F%.SMKiiaiataBd 
light. 

i Tile buslics at the lir^e end liave 1 to 1 1 inch cle.ir thick- 
ness ou the centre line, and t to i inch at tho sidast with 
( to i inch flangia. At tba aauU oad, thajr o*a I «r 1 iaoh 
OB tha ontca Ium^ and i inch at (he aids. The butu ara 
t( to £| hieboo (hieb, aa the length of journal may regulate ; 
the strspo l| to l( inch thick a( the large end, 1 to 1 1 ineli 
a( the small end, thickened up to receive cotters or bolts. 
Ths gibs and cotters are i to i inch thick, and should be 

Iraonded on tha outer edges. Zho oottaia far btHbot ohoatd 
tapw abaai 1 in 16; flw ftnd oaMMi 1 hi nt flmhtd oadi 
ililb two aatwewa, aad dotdoed for furthtr aieailiy with 
a Oman split eotter passed tlirough the ead. Tho body of 
the rod may be i^at or roiirnl, or nearly circular in -lectinn, 
wanting only two small lateral segmenta, as in Sharp's 
engiiir, Fi^. SCS; the last of which appears the best. When 
not eucalat, tho dapth ia uaoallj inenaaad towurda tha 
lai;ga and, wbon tha awiaif aad Mgn by teialoB oa (ho 
journal are greater. The area of section next the »ii>att butt 
should be one-third more than that of the piston- roil f r in- 
side cylinders, «ith lar^je crankpins; for outside cylini.lcrj 
it may bo ju>l equal. In round rod;, the diAmeter at Will 
ends is tho satni', with a swell at tlm middle, 

Ooiipliof nda ahoald bo mada with tha sada foigod in an* 
piece, aad with tho oottMn drivoa off iho aaow rfdo of tb« 

crank pins, to preserve the lenjih constant undtr the w'^ar 
of tliu bushes. When two pairs of wheels are coupled I » 
the drivtr.i, llie rodn art; in two parts on each sida, pinned 
I togetb»r St the middle juiirnal, to permit them to yield ver> 
' tieally with the wheels. When round, the coupling nda 
are mada i or f inch lesi in diamater at (he aeeka, than the 
pis(oiM«d; whoa flat, they are of ot loait eqml seotion: aod 

in all cases they am swulh.-ii towanli t.lic middle. 

The " cnda"" of ciiTiiiectiMg aud Guupliug rods, are made 
with oil-cups for^'cJ on, with syphon tubes, and brass covers 
screwed in. Some are naado to mrk with (ho aid of a 
capillary thread, of which OBO Mid io loiBod bla tha taba^ 
aod (ha •tfaar aod ia inuaaaMi bt ailj than an ia 
aatioD whstbor tho ongino bo la oioKoa or at raat Tba 

wick apiH'ara to Im; of little mouji-ril, for thcro are caps of a 
kind first lued by Sharp, (Fig. 263, section) having no vrick, 
and acting only when tho eagins is at work, the swing of 
I the couaooliiigndthnwiagBptbooilintothoooiitialtabo. 
). V. Gooth dh f BiW with oiil-oa||% aad lobrrattea with 
m apoma bt hito a recsos oat ia tho upper part of th» 
booh ; thoia ia tho satiiar oenona disadvantage in tliia 
arrarii;ca)eB^ that (ho bait boaiwg fBTt of tho boih ia oat 
away. 

Hardened steel ferules are, by some, inserted into tlio 
small ends of outaido oooaoetiag roday whioh aro foifid aolid 
for (lie purpooat thaj a a p w ado tha an af a mHir, ww 
well, and are easily rapfaMod wboB won. Siadalr onqdoyo 

i them auceeasbiUy. 

tl 
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CHAPTER X. 

Vaite-Qiub a»d Rbtbuisq Qeau. 

Suds- Valteji are naiuUly of bram, aometimM oaf t i i on ; li'jtli 
inetala work iiid cast iron wfira hss tli.ii) lirx"», l)iit 
Ui* va]r)>-fa«» til' tli« e^lmtier wciirs k!is with hrasa than 
with iron ralves. Th« exhaatt cavity ^li uil i be romdad, 
and abonU ba de«p anoagh to gira iiaa ask to tiia •taaa, 
•ndnoinan; IttoSlteabcedaplIi kanongh. Tbatedj 
sliould bu 3 to i inch thick; the fa.-f sl:oti!.I hf 1 Inch thick 
to allow for w«»r. J- V. Gxurli'd dmiblo vaUe, with « 
)Hij;<'r|yHp-.i [ilit<> aiiil stcanuv.iv.*, tu n Joublo I'litranc-i 
for tile sleain, aoti taeiliuta i(» aiimiiaion, i« not in pra«uoo 
superior to the simple valre with one rntranee: it ha*, 
iMiidai, two firietiaiMiirfitoes, aiid the extra wear doato tliia 
Tilra liaa lad to tha Meeliog of the cylinder-lahb. Ilia 
prfi]). [• fourbs of improvement is to balain i- tlio valvi <, and 
reciior iLciu iVictionleis. Uaekworth*a " |ijuiMOTer " vaItc, 
(roforrcd to, page 223) is a miscliierous absiuditjt siree 
and uninMnmelled rxhauit is indiiponsable. 

Tba iilT«-r«d nhould be forged in one pieei^ and baaiad 
to erobnaa tha back of tba Tilwa, whidi ia aq aaiad kt tka 
puqiose, wtlh a Urge anrlaea of eontaot, to radaaa the tan- 
ili'iicy In wi.nr Iw^e ■ tlii> vatvp is at liberty to "onr ii|> to 
tlitt cj)]ii44«r-/ace. Yalve siiould bs embraced dom to 

the bock of the flange, aud the rod adjusted to do so, with 
» alaal spring to k«tp the rtlno to tha 4e«. Tlia lod ah«4ild 
bo H to li inoh diameter tiuwBghoal, and prolamidtoworfc. 
lliralaodimaa,tlum>ghtlMfiaBtoftha«al*aeba8t. Whan 
weriiad If a atationaiy axpanaton-lhik, ttia vatra-fod it 
coui l' J Ijv a radius link, } to H in<;li lii'i.l; urcording to tliv 
leiij^tb, uhiich carries the expanaiou-lilixik ; and the rod 
usually works in square guides or round busheate woilt the 
aqgalar aotion of tbo ladiaa-Unk ; D. flooak |Mjatl* aait 
iian imUm fmn Um Tal«a^ faatUa parpoatL With a 
ahiftinji aqmiiM-lini; tt» nibMMd k aMnllf aoapled by 
It link aaapandad fmn tha boiler or oreiliDiig froni a pivot 
or shaft fixed to the framo l.clow, and no txtri juido it 
wanted ; or it is finished witli a sqaai'e end wartiiug in a 
frame fixed to the guidebars, as in KiUOD*s engine. The 
abifting UiiI(.niotMn io mait eenraion^jr (nCtirtd to tha 
■liliiuiy I M, fhoagb tha ffittfibfttias aiMtd bjtho bUar 
ia, perhaps, more correct, tha former works more sweetly 
and less anpilarly. and ia less severe apoD the eonneetions. 

To <i]cit an axle, tlie couplings of the valvo roj may b<: 
bflit at (loubUd, as in Figa. 316 and 317 ; and wbe^« the 
valve-rod does not tend to the ccDtro of the axle, the angle 
mj ba laetificd by tha wa of an intaraadiftto km, aa in 
Shwpli geoda. Indhwt otvplaga of tha Td«v4od, in 
Fig. 314, and in Plate V., are alwaye weak and uncertain. 

The eecentrica an of cast iron, in two piecaa joined 
ovvr tbo .ixlv Willi iwi) 1 ti) li inch bo't.^ C'jttcrL"! or scrtwcj 
into the tmailer piece and cotwr«d iuu> tlm l»rg«r. 'i'he 
halves are groovc-and-tongued to!;ether, and the eccentric 
ia fiiad on tba aila bj ono or two i or 1 iadi ataal aot^erowa. 
Tha anudlir piiaa it oetaaioBaHjr of wraight Iiob. Baean- 
trics must be large enough to surround the axle, aud to have 
at least { inch thickness at the thinnest place if of wrought 
inn, and U to S taaban if g( cMt iron, «r 1n» if tha fam 



be toughened ; they are Si to 8 inches broad. The strap ia 
usualljr of braaa, aanotimta wronght iran, pot on in two 
halm baited togilharwidipdniniid 1 ndi bohiani rata. 

aijii small safety-cotten. It ts usually 1 inch thick, and 
'■quA\ in breadth to the eccentric, and converts the whole 
widlii iiili) wcaritii,' ^.iirfaci'. To kr-v]> tlif cccortric and the 

I strap togctiicr laterally, this formttr is rounded on the rim 
to fit a recess in Iho hilar ; or, more frequently the strap 
ia nada with »a|naian«aiai iaahdaapi with i inoh ladlgai, 
tottthanbotodaatibaaaf thaatanltia. Whmthiiwk 
plenty of breadth, the ecccuirie majf bo Mcaaiad, and dm 

I strap let into it clear of the ledg^. 

Tlio occfntrii'-iT'd* aro <4 nrnu^-lit iru:i, iismllv ' iiir>!i 
tiiick, welded to the straps if of wrought iron. To bnwa 
straps they are rivetted with palma dovetailad IntoaniHibU 
aKpuaions on the ttiaps, aa in Fig. 23i ; or aoat emmmfy 
bolted with square jointed palms, aa in Fig. 891. This plan 

adnil'i r f a rtily adjustment of the length cif tlie rod. The 
i rod IB, iu soiiio amcs, in two pieces, joined and a^'ju 't-illi.' t>y 

a right and left sen w (!ii:ub3e; but the joint in found 
1 troublesome to keep in i^rffi-t order. The fore ecccnlria 
I alMuld be exactly in lino with the link, so as to obtann 

atM%ht ion red, and to Uuow tha naoaaaaij oUi^ni^ aiH 
I tlnlj npon tha biudt rod. Vh» toda aia IMtad at tha enda 

to join the link. 

The most common lucm ul vipaQxiuu-liuk in tlut uri- 

ginally adopted by Stephenson: — the slot link, as in Fig. S35, 

all in one forging, to whi^ tha aoaantria-i«da ara piaJiad at 

tlie ends In tha oentw-lino of tho alat. It wwha wall and 

dmU/. ThabMk.<e^pladaloWlinh,9%.SI0^ia]aH8lan4r 
ia ito mofamanta, bat it has tho adnnlaga of aommandhig 

I tliO full throw of the eoceoliii"'. Tlie b.ix-llnk, dttaiU-d in 
Plate XXIV., partially coiitLi;ite« the adt^uitages ut the 
othera, but it is more complex. The slot-link in either 
tm ia, upon tha wiMlt^ ummw al^bia than tha bo8>Unk. 
Tl» iloUiBk is nondiy in OM ifa^ piMv I hibaa Imd 
nnifenN^. t or HiaobN width of alat. D. Chioob diniia 

, tha link tn two halvaa wertiailFy, t»A If inah bread, 

rivrtttd t"5i;'.lirr 111 tlif i i:d«, atiJ rf cotvin;; tlic M?ci'i;trii--ryd 
KUdi and ratiittS-link b«tiv««)i ilmm. Tlte occeiiirie-rwis 
should be attached to the link at a distance between centres 
2| to 8 timaa tba throw of tho aoeaotiiea. wlm aavpiad 
biMndoroii thoaidao: and S to « tinna, vAtn aonpM on 
end. Tha brtber apart the centres, tl»e leas ia die obliqne 
working of the link ; and, in the latter ease, the more nearly 
may tbo greatest avallabl.^ travel of the valve hn equal to 
the tlirow uf tits sccautrics. The &spuisioa-l>lock is of 
wrought iron, tlie full breadth of tbesloulinic, H to 3 inAaa 
fan*!, and wt&tUiag tha aiok For tha box link. It ii in 
tNo piaoaa, ana to anth nia. D. Qooah woila ■ 
on tho block ; he has used some blocks of oast iron. 
' To prevent inside valve-gear from jarring, as tho links 
rfM[irK-ari' [la^l iu?h titlnr, in tuar neighbourliood. Sharp 
I fcnras the links with small disea pinned upon the ettitre 
' pivot ; for tlie same purpose, under a different arranircmnnt, 

IWiiaon fbngaa gnidaa npon tho aoitauiiiif Unka, Fig. S&l. 
Tho iwrwofag ahili io of wranf^l bran, naoally H imhao 
diameter, in some cases swelled to Sf or 3 inches at tho 

t middle. It works in bearings of castor wrought iron boltad 
to tha bmlag. Tha lanoa n« naaOjr I I>A tbUi, or 
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on th* rod : thvy un nrapled to Uu axpliluiMi^lillks or tb« 

nvrlius-linVs, as nquircJ, avA in Ul* fttMT MM IN •OUl- 
twwoiglitc-d t'J bu'.uuov the loaii. j 

The ri'virvin;; lfV<T i^i i-entu'd <.n t!ii> franv:', at the foot- 
plato; it work* tn the Bector-Irame which is notched to 
receive (he detent, nsually at oqiul intervals. The notdiM 
alHNild, lummr, Im man doM^ platad tomnb lln Motn 
or mld-gMr, m w to eat off the ftesin at equal intamb of 
the «lr*fce, a* judiciously praclis: J tiy D. Gg-d.:!. Thesector 
should be made tc as lar.'u a ra'Iiu» 0% ccQvcuitiiit, 8 Or 3 
feet, the better to c ii^tml I'.ii' vatve-gc«r; with thi« view, 
th* Ailnnun should be at the end of the lever, as in 6ooch*s, j 
fltanwkVi and Kition's engines, where the idea is well i 
«tfked«iit» Batbaidaaof tlwateUirahmiU banoldiadaud 
tba detent mad* anflldnillj broad to amlmM Ann. The | 

revuniii;; rui], fri in ttn' li'V.-r tu the citlii'i' yi-arln^f, sl'.ijiilil, 
if puMiUe, IwjaUaigtit; bends or twists grLally leJiico its 
atiffhesa and increase vibration. 

Ih« working pins of the vaivo-gear are li to l| inoh 
diaoMtar, Ibr such as are directly exposed to the working 
■Uaiii} tlisw cnjilojed nienlx for tiupeiMion and reveniog 
aro mnallj a IHtla ■mallM'; the pin of the expansion- 

bk'cl; ia a li'.itc l^ir;.''.!'. TI:ci wiiltli ijf li'arili;; iu each jjioco 
is equal tu tlid diiUiiettir uf ihi piu, or a lllUfi uiurc, vyUeu , 
anaSccted by other circumstances. 

TIm valve-geai and rovming gear^ with tho exceptions 
abaadf atatad, an of wnniglit irai, ataalad or baidraied, or 
■aapliariaBad^ en the working surfaeaa of tWaipwiaitBJiiilt 
and Uoelc, and tlie pins and eyes; tbadttaot and tfa« notdiaa 
ill tijti jii'i'liT !>liou1il also ho casehardene I. lui jirattised by 
I). Crc ocb. Alloa and others line the eyes of the expanaion- 
liuk and the other parts most liable to we«r, with steel 
fsnilsa, wbieb, wbeo worn, n^y mdil/ bo nplaead by 
odiHB. fiiodair oiea wliita metal fsralaa. 

AUw tfiplies small oil-cups to all tho -fllBtfug bearings 
of tba Talve-gear, forged upon the eyes of tba links ; and 
aitij OIK' (■li lUw tu[> of lliu exja:is:u;i-liuk, utui uiif uli tlio 
block. They are esich «>ccupic4 i>y a pt«c« of sponge s»tu- 
tttad witb oil 

Tbt propar proporttoos of tha valvas and at«aiuparts,ai>d 
ifca fiiMi|]ct oa wloah lEnkmioImn dMiaM bt am^p^t* 
jkU A* bort practical retultt, hare ainidy ban aaglj 

dimaud In ear physiological section. 



CHAPTER XT. 

STKlMriPH ANP ItEGriATOE. 

StEAMrTFES ars us^ually ui ct>pper, about f in. thick, or 
No. 9 or 10 wire-gauge, within tho boiler; they are -'^ in. or 
So. 6 gauge ui the smokdHMt, baiqg of a g^aatar thickness to 
•How for wear by tha aetioa «f •BMiba ud ciadm. The 
dpc^ght p'wea in the steamfdodn i» of 4NHl woBi i <f I iacb 
tliiek ; the stearopipo in tba arookebox it also oaeatioBftlly 

of cast in n. S iiicli tliie-., lull oaM iruii quiclily corruJtS. 

Tl.« llistpip* is of coat iron, copper, or charcoal plate j 
most usually of coppw, Noi, 10 Or U gHgH AUm IMdiM 
it Ko. 6 gauge. 



Coppar pipaa liafa bcaaa AaagH aoldartd to tbtoiito aiaka 
thajomti. AOiBiiiabaatliojohiliwMiehwaTarpoofaiMd 

filleis turned on the flanges. Th« inside pipes aia Mkyad 
from the crown of the boiler, when necessary. 

The stcampipc nIiuuI I Ui <>( unif^rni dianii tor tlirr-n-^flinut, 
between one-third add onc-f mrlli v( tlukt ol Uia piatcni; say 
two-sevenths, giving a seott&oal &r«a of one-twelfth. ThLi 
wa iMfo foond (|m^ 106} aaikiaDt fn tha fraa foai^ el 
tha alaMt to tha e^inder. 

Tho regulator is of brass, and may be placed at the en- 
trance to the steampipe, or at some other convenient point. 
nv^Milalor.ii art variaui-ly inadi' ; — circular diaea with aper- 
tures, to rotate on a flat surfaos, aa in Sharp's engine^ 
pUced in the doBtb and worked by levers and linka fnm 
the i^adla; or •■ a eoBmon flat ^ralfo to alido ov«r piwia, 
applied eitbar in the dane^ aa in FaiiWn^ or hi 

the smokel'^x, in GoocLV; or as aMINlI vdva £tllllg 
a conicjl ec;i'., as iu AlLiin'e Piij;inr-. 

Buiy, iu lii« latest engiui 5, makes tbe valve of a double- 
beat form. Fig. 318, and works it by a small doublo-thrsad 
screw. AUan's rqgdalor is, in our mind, the best ; as it la 
twqr aimph^ asteMualy dmaUo. eaai^ noihed^and certain 
Id aetloB. With die othan, thera fa aton or leas wear of 
tho rcgiihtiiig ciurraii-^; in Allan's, the wear h slmost 
Daniinal, mii givsa an lr>>uble. J. V. Oooch, aud some 
others, place the regulator cloa« to tlie cylinders, thus placing 
the steampipes in the smokebox under a eoBetant pvesHue 
of steam, and adding to the noubar at pattfn M wbidi 
leakage of steam may take plaaa. 

The legulator-gpindla Is bronght through a slaBStig-box 
to the back of the flrcbox-'ilirll, and niauntL-J with handle! 
uf in to 21 iiieli ndius ; Kitiiuu's snan-ueck lerec h o' the 
best form for easy handling. Allan works (he handle 
between two helieal gaides, aepMoU of aenva, by whieli • 
the opening of tha Mgulaitor la adinrted. Gooah and otlmi 
entplof a later to oommuoleata tlia hngltndlpal snaeawiaiit 
of the elida-fslve regulatore : tn whi^ ease the leren^ 
eIioiiIJ be at least S to I, and double this leverage i;* better. 

The maximam useful opening of the regulator, and area 
of entrance to the steampipo, fur tlie free passage of steam, 
wa bare alreedy CmuuI t» bo not gteatef than ona^wentieth 
affhaaMaafptatgn. 



CHAPTER XIL 
Fmd-Pdmis. 

RniMWan are «f two ebaiei :— loo; atroke and ahoK 

stroke, worked rf.-p^clividjr by tho crojalieadj, ba'.!ag a 
stroke equal thai i»t° tkti pi6li>u, and by tiis b^l^ eccen- 
trics, or by separate eccentrics on il.'' dri\ lug axle, having a 
stroke e^nal to tha throw of tbe ecoenlrie. lb* acketioB 
of thaoiiMaf paapiaTaiyBiidtaqiMetianof asnwdanai 
—Ibr inside cylinders, the long streha in fManVj onid, 
and tha pump may bo worked by an extension of the erota- 

bead-pin; foroulside cyliudLrs, t^iet'lKirl ulroko is the iiiurrt 

expedient, as an outside position in connectKm with (he 
croeshead ia aayesad, and in fiealiy weather the pumpa are 
liaUa to &«e«in( np and ta Nptneea in onnnsf naaeej wharaai^ 
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vUh ft* riurt-ativlMk tht tt»7 fc« gat nriiek mO, 
miik WrttMo •ylraden, Ihoro is plenty of room for them. 
The |mffl|w thouM be boltnl to tlie frame, entirely clear 

of the boiler, aa the woikin;; nirain is corsi i^^ialilf, particu- 
larly by ihort^troke pumpei, wbicb mutt liave larger diame- 
tai»«f |iliuigcT« than lanj^alroke pamp*. Nevertbeleu, it ia 
tk» fiMliM of aouw wgiDMn to boh tin pnaifo to the 
MIort ud WilMm In* ovngoiwoolarOTt of thorny tm 
to apply short-f troka pdmpo to tnaidOi^yUndar o^g^es, and 
to bolt them to tlie oater ^dtf of the (trtl>wt-()ien, working; 
t!n-m liv CL'i-cV.'ri': in tin' cii.I.h of t!if driving avl<', lij 
one t»m, thti aiiort-stroke pumpa were boltcKl to the luitidia 
tnuMTerae plate; bat, the plate having proved too weak, two 
atnto ««M eoRiad from il to tko book of tho omokoboi, ond 
«lio nonb woi that Ito oiHM of Iho biilir, nrior tN itam 
of the pumps, ipmng » leak oit tho pOUlim of tho hurel 
with the smokebox. which wai only rHmdiad by tho Inoer- 
tion of extra 8<«(intic<i. Th-rv k a false (implieity in tach 
random eoonectiaos: the entire indepondoneo of tho boiler, 
with re!ipect to the direct working stntiM of Uo BWlhoojsm, 
ahoold bo innmbly mHOtaiiisd. 

Tho dolliM(y<pi|io ftom tho pimp ohonid joia (ho hoHor 
at the emokcbox end. This is better than at the firebox, 
because, first, the joints of the feedpipe are oot affected by 
tlie variallo li'n;;lli L.f tlie boiler, tlio boiler bcinj;, in juJi- 
ciously arraoged engines, uiiaiterabty fixed to tlin frtiuiL- :it 
tlio fore eud; feedpipes are » coo stout OOWO' of tr:nM» 
whoB thoy aioatniiwdbythoaltotwiloooiiHiiiaion and «an- 
tTooUm of tho hoiilor t ot fcoat unlooo, M in Sharp's goods- 
engine, provision bo run lo in tlip pipe, by doubling it or 
ollirrwise, fitr llic niiuintl vlasiiiity. Secondly, at the 
smfilii'lKiKfiiil, ilu' watt-r ia di'liviirsii at the least warm jiarl 
of the holler, and ia leas likely to cause leakage by its 
)>uilih^ti ooolinj; aetioD on the heated surfacM on whieh it 
::M|>ii:^gs,aadthoiroiddMiaBdai«^«i) omtnwtioB in «on> 
.ii^Kjui'iii'*. WohwohnowBoonosMBorhabboxoiBplcoaftho 

seDsitneiic-ss of the rirc-hci ani tubrs In thi- introdac'.'on of 
cold fiifil-wiitvr at tlm Cruiwx-cIMl ; tlir lulu's n'i;uUrIv 
springing a b-alt wlicn Ihc tVfil wa.< si-t on, ami elosing 
whoB it was cot off. Engineers are wsU aware of the un- 
IhtNioiiUo ioflaeoces above dsOotiliodi Hid tho general 
IMMtioo nam ia to deliver the water nsor tho omokobox. 
J. V. Gooch, f n his tank-engine, dispooao tho tnbw oonidoiw 
ably clear of the ^'JeB of the barrel, in the latitude of the 
delivery-orifictiS, that the ftcd-walcr laay be di»per»ed and 
dilnled with hotter water, before il reiachts tt>i> (uln-.i. 

Pampa should be formed to eomniand lite beat possible 
Tscunm, so aa to insure a certain supply of tnlart Iho 
Tolame of clear sfMo ia tho dumbor of tbo piun|K arottsd 
the plunger, ond of tho iatsrval bttmoa iho aapply-vslve 

and tin? first (h'Kvcrv-vMlvr, fli'iiiH hii rcihi'~ed to tho 
saiillKSt jHisi;bl« liuiils. Also, iLU clear space shculj bo go 
formed as to facilitate the discharge of air or stenm that rn ty 
bo lodged there ; a lodgment for air operates as an air-ves- 
ael within the ehomlier of the pnmp, and either diminishes 
or entirely suspends tfao doUvory of iPBtoT. In instinod 
long-stroko putDpa, the nppar poitof the oh amber Ibnna a 
lodgincnl for air; nn.l in cases where *uch pump* iiavti hien 
oncoriaiu, liio partial slaekeaiug of the slulbng-box gland, 
to nlbid an oacapo ibr tbo ooaiiiod litt haa inpmtvd fhoir 



Aft mttor wnttoiu aSr In 
ehumiag of tho water by the pamp-phugw aaUnally asp*- 

rates th* «!r I'a the chamber, which should bo t*w«««d aa It 

is separated. 

The supply md d«lt?ery valves sbouid be plac«d at tho 
far end of the pump, as in Kitson's and Allan's pomps, for 
thanlgr tho olianneo vonad tho ]dii|g«r oaqr bo fodnoid to » 
awrinnn, and tho ooCnh oI Ihn fonp la Ao afanplMt. 

Sharp, in the inclined pnmp ^plisd to his gooda-eogtuo, 
places the water-p«siagt« and valves at the neck of the 
I'liLimlirr, and i;ivcn a elesranco of ncarlv i inch to tnako 
a pamage Sot tiit> wat«r tlQwing into and out of tho barrel, 
round the plunger. In this plan, the entrance of the water 
dmUa Ctktio&ir-on tho ploqgsr and on tho 
and ^ aetioB k loa pnfait than whan tho 
valves are placed at the other extremity, whon tkers io only 
tlie friaion npon the interior of tbo obambor to retard tho 
entrance of the water. 

There are three vnhctn to each pump, one on the suction- 
pipe, and two on the delivery-pipe, for security against 
loakagoof back atoamt of vUoh laatoaa valto ia piaood 
ekwo to tho obambor, and ono ot tho OBHaBOO to tho boihr. 
Thefe valv.?a aro of two kinds: ordinary dise- valves, with 
esnical bi arinjt an their awiLs, gnided by three feathers ; 
and ball-valvc working in eagc«. Both kinds hnv" b«ti 
applied in various ways; but the plan adopted by Allan, of 
having two disc-valveo next the pump, and one ball-valve at 
th«boiUa;Figo.S8a;S8S,apfiMathaaHii»anitahla. Valvsa. 
of oSihor tarn, AmVL hsvo swy aamw haaHngi on ttair 
scats, not more than inch broaJ. This ssoareo light 
and ready aeiion, and prevents the coiieus»ive action of 
valves with hroaJ bs at*, whuthor of tlifi biill or dieo form.* 
A two-inch water-way is sufSeiently wi<ie, and the iift of 
tho nlfaaliould not ia any oaoo exceed inch. In light 
og^MaaiNikttha lift »qr«*anbo ooniaod to i inch, and 
with benefit, aa It tapiofoo and "owes tens" the action of 
tiie pump. All the valve* should be freely accessible, and 
shoald haive iude|>endent covers, that tin y may readily be 
examined when necessary. Some ent;iiKcrH apply a slop 
eock at tbo ontranoo to the boiler, and have but one deiivery- 
salro t (ho oatit k about the moot oseless aa well as the 
nwat dtagamia drfng that oonM bo appliod, and. with it, 
wo koo tho oeeority of a saoond valvo. 

The body of the pump nniy he uf tni.i;rhened cm* iron, 
1 inch thick, or of taugh braw ,\ ineSi thick, with i inch 
clearance round the plunger, llie plunjrer i» of folid or 
tabnkr wm^t iron for loag atrokes, and of tough brass 
Ibr ahoit atidna. Eaih pnaip ahoald b« capoble singly of 
faodkg tho haikri tiio pnaips being applied as a security, 
flhooM ono bo dliahkd. The capacity of tlie pump is mada 
hirgcr titan would inject tlio nc-cessary supply wore it fully 
charged each stroke; beea nc A full charge i« uut to be ox- 
pected, owing to imptrft t \acimm, exoeasive speed, and 
other oanaaaj and also b«c*u«e tho feed ia, on imgalar 
linMb ai^plkd at hrtirrals, not oonthMonily, and mast bo 
aofident to fill up the boikr whan loqniiod, aa well as to 
repiaoo tho current oonsomption «f otson. Tho capaoity of 

* Mr. W, 0. AnaMnos read a paper late!}', on the " ConeaiMon 
a^Pm^^nim.^Jt» IostitatfM<« C^^ ^J^S^M^^ 
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til* pnin|>, — that u, the ares of ilii? ]4aDger tnulti|iUe<l b_v tha 
HxiHu , Um gm fal {mctice I-SOth of thkt of the evlin<ier; 
and tr IN npp«* ^ ^liodtn to to illtd with 100 Ito. 

in each Nvolntion, and «>BaaqMBll7 ht one dischar^ge of 
tk« iMimp, th« TolniM of water thoa eranuMd a* attain, 
vilto 

mialfaL*lMttta.awU*Vf B**^J^.ggg!y*^ 

Kov, tlia eapaeity of on« pump ia l-flOtt «f fhat ef the 

cylinder, and is thns sufficient to rapplj the demand. For I 
higher pn-.t^tirc? uiiJor 150 lbs. per inch, we should recom- 
mrad a oapi'i' v "f l-70lh of tho cvliinlcr, which would 
gin, for long-stroke pumpa, a diameter of plunger aboot 
I'^tk of the diameter of piaton. In abori-ttnlia pmpa, 
th» diamtar ia i^galatad hj tb* throw af Uw oeomtrie, 
wMalt giraa tba aboka of tke pomp; and b feand hy dirtd- 

itlg the capacity of '.ho cvliniJor \:r thi? thnw df rcccn- ' 
trio, and by 70; an i tiikiii^ fn-jr-Cftln of the E.rju.iri- root of | 
the qnotient. 

A ahort-stroIc(! pump thould b« worked by roda pinned 
to the back eccentric-roda or ataipo, at leaat fire timea the 
length «f atroka. When the paspa mn pbead dose be- 
hind «lw drhriag tsla, H b miMiary to aonaet the pamp- 
rods in front of it, to obtain ^ nf^.nrni length; licnding 
them to clear the axle, as in Allan's en^intt. Fig. 278. 

Fi-ed-pipei are of copper, t inches diameter inside, i indl 
thick or No. 11 gauge. Quick eorrea or angular bends 
an to to svoidad in flMd-pipet, aa thaj intermpt tbo flow, 
and flHUOTUant atosininn; and leak^paitiadaifyif as 
iho diUvary aid* of the pump. A mutt tSr-ymA n 
sui'linn-pipe, just tn'Tiin:! the Mip; ly-iralre, and one on the 
delivery-pipe, between the valvits, would soften the ttraining. ] 

Tlie pot-eocit is connected by a copper tube, and ia de- ' 
itgnad to draw off air or steam lodging in the chamber of 1 
tto pnonp^ and alao to last th* aetkm. Itahoold toatlaaat [ 
I inch diameter tnnide, to kl aff tha caaflDid tll^ aid to I 
give the fan^ quickly. The tvto ibovM to entered at tto I 
higheat point of tin- interior of tliu chamber. 

AttxUiary Fetii l'umpt. An assistant pump ehoulJ be 
placed on the engine or tender, with conneetiona for being 
worked by the steam from the boilar, and farting tb* (eed- 
watariatoitwbilattosai^iB^toaAnal. I»bairma> 
•Uaon all engine*, but especially osgeada^^giiMi^ta (ban 
are anhject to frequent and long d«t«atioa at alatton. It b 

useful while the en;:iiir! ia niauin;;, wlini om- or bolli pijtup* 
ia out of order, or when the engine is worked at si-Ty Ijigh 
apai dl , and baa small driving wbeeU, aa in li^lit tank- 
n^iiM Ia Iha lattar «aaa tto laeiimeaUoDa of tb* ordi- 
aai7 poiia an aiiia i H y rapid, ad ahrcwi^jr aa ht 
tto toit aitiaa t wbaraaa tb* aapuato painp wig to woritad 
at a aptad af ita own, independently of tb* apsod of the 
engine. 

Auxiliary pumpR, to be wrought by band, have been 
for several years applied to the engines of the Great 
W*it*m BaUwajr ; bat sapsrienas baa abowa that band' 
pmpa an iMaavairiioli and M af thab abjan, aa ft b 1*** 
tMaUaatna to aat tto ngiaa a-ranning on tb* nula than 
to walk ttofinfi. Ttotoatianedy istodrivstbapaniii* 
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with steam from tba toilar, wliiah aoly nqnlm of ttoat- 
tendants to opai and dan a eoek. 

Tto antiliafy alMHB>pamp, Pig. S24, patented and made 
by Ountt, Idaiahall, U Ok, Leeds, ia simple, compact. 




andeffieitot. Tto pMaaaee of tto aip-veuab, ia ceaaaafba 
with tto aaeAiB aad fane pipai^ iapnna «ad 

ay alfaia tto lew of tto wator. 



OHAPTKB Xm. 
KiMin m Pfenimnh 

CUading. The boibratoald be completely enTeh>pad,at 
aU epproacbabk point% b a aoa-eondoeting garment, coo- 
eisthiig af aafMH pUn ef Ah, aeteied with i inch pine 
ballna giooved and tongaad, «d iaatod with atoet iiaa, 
Ifo. IT wire gauge, strapped well dowB. 

Foetheebimnfy, Mr. .Ailams proposes a iloubV .itnictnre, 
containing an air- int<T»pac« to preserve the »t«;am from 
condensation during its ascent, and maintain the full 
power of tto Uaat. Tto air in tto ehamber, tboDgb perfset 
M a BOB^oadaotaiv waald abeahto aad tfaaa aeil the etaan 
iawathntayi aaifiiiiafi tto tort way weald to tola 
(to lattMpaM with aonia aelid aoa-eeiidneter, a th or hrbfc- 

dust. 

The cylinders and ralre-ohests should be thorongbly elad, 
like the boiler. A steam-jaetot would also be of great StiBty 
in wariuiy tto ateaai aapaaiiielj with eeoaomy. 

J%i|^fatok JtoM^aad Awl4wAk Tto featplala Aaald 
toofrilMphtofaoB^togitrsfiMdieM. Itravh^iiMh 
thick lonnd tto nadiin*, and { ioeh thick tohiad the In- 
box, where it is eubjcel to wear, and is also made to do duty 
as part of the frame. It is supported by and rivetted to the 
frame with angle-iron ; or oseriraqg by ka*«e bolted to tto 
f ramob aad <d|pd with aagMiaa, aa ia Shaip'a foedaeqgiaek 
wbwatinnanaaaatrfdafcaBMphla* Fea^laln itoaid 

TtomwwSr^ toteaed 
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wttli thin iliMt tnm, property b«ttnil wHh jtllltn and bud* 

riil-i, aii'I p'osim! ii|i[jri tlji' i1ri;l'ii\-!ilii.'!'. Tln.'re «l;o:tM alto 
h« aaalEcicnt fcnof^plits ert!Cl*il uv«r aaJal tlie lja<;k of the 
firebox, to j ruicct the en^ne-men. It ii abominable policy 
to expose tliein, io the nbtunl hope of their doing their doty 
batter. In stormy dLitriel«, indeed everywhere, the American 
•*Mb" likiMiM be buiU niNn Uw platfom of (In lagm, to 
H •flbrtnally to hmtt tlio fWnatiouiia*. ITttid'tMb of 

rounr] iron .iInviM l>i> [)l,i;-i.<t cillin-tv iiliji);^ llio Tront Aud sides 
of the uiacliir.e, ike I by sUiuUrda ri*ell«J U> the boiler. 
Two iron ftfpa eIjouII be belted to the frame at eaeh side of 
the platform, and placed so aa to desoend towards the (root 
of the engine. A step m»j iIm t* tud OD Mclk Mt, ntr 
the fe w and, to nuij mm to the aMdriny. 
Thoro dheiiM not ba any bitat anHUMobd iwHc tbont 

loecTiiodves; 3.*. to ii[ii>i'ir well, it requ\!-i>3 cimtiiiual cle.nilr;;. 

Tivjftft 310 frc<ju6iil]y uf cutUd hiirae-kair stwed into 
Ifiithcr ciisc«, hooped and fixed to blacks bolted to the front 
beam. A volate spring, cansitting of a itael plalo coiled into 
• ■pill form, and plaotd in % out or wrought iiim box with 
tdampa aad fimd witb mod, ii, m biUove, the h«tt form 
of WgfBO*MEsr. It rioo miin mil m • bulling spring be- 
tween engine anJ tcnJiT. 

Bail-yuarttt. SJja.rp'» i« the best f;>raj of guard, solidly 
bi>hi'(l to the frame. Guard* should clear the raits at lea^t 
1 inch. BfMiiia mo nsmlly bound to the side of tlte guards 
tv nrwp Ito nik In mowy waathar; but they wmt, and 
Mqaira frequent re-»ett!ug. It would be battv tolwvo sheet 
tron tcrapers, supported by the guards, and art*d on by 

■!|iririL'<, U> lioscoiiJ to the nils. If snow ia nut clfaicJ off 
ttie railii, thi; liAiiiug wheels mount it and compress it; and, 
pitrtially relieving tho drivers of ihair laad, thqf alao 
prepare a slippery sur&M for them. 

Satid-boxt$. One aand^box duNdd ba phoid on oadi lida 
of tboaq^oik btiDMtkadiivlBt tdiaat, with a tube to descend 
^llia«arvato»ardattanil,a»aa todrop the sand gently 
before the wheel, and reduce the liaUlitgr ta lall a£ Tlie 
sand alMtold bo dan aad abMpb 



CHAPtEB XIV. 

Uatsuau Am WoBBMAimr mD or ran Oowimoonoa 
OP L ooatHwuvm. 

tn this chapter, we have thiown togaUnr aono naiarb on 
maUtiak and workmanship, wlueh did not find ^tauK |1m« 
in tlie foregoing chapters, or ««ra bat passingly allndad to. 

M\rrRiA:.3- --• T'j coml-inn Ilj;!itiic53 ^vitli stren;;i.h am! 
dnraliility, locuiiMtiviis u-huulii \ns luaJo qI ike haai materials 
auited for the different parts. 

Wrought Iron and 8Uel. Every pari of the shell of tho 
boiler under sleam-prcMara^ — tha flreboMlull, ttn Iml, 
aad tha anokabox-toboplata,— should be of the fint ^aali^ 
of Iran, of t^nmoor, or iron equally good, when the steam 
ia worked at I'ti-^surLs of 90 Its. ami iiinv iriN. For lower 
preasarea, the i>ai'rel uiay ha of ike best Slairorduhim or the 
best Scotch plate; and al»o the fircWx-shell, when' ih ■ I'loiit 
and book pktaa arafiniabad flat and joined with anglenron 
to tht amn ud aida nialaa. Tba atesn-afaambara and 



tfcair aonti, nlikli aia aoTBNl J tnatai, mart bo of Lowmoor 

quality. 

For tho smokebox, ehimiiGv, liMckrts, ni.d wilier |i3rta of 
the boiler, the metal may Ix- of ;;ni>(l niciiiuiii quality. 

The principal longitudiual i'ra<utsplat«3 aiiotild be ut liAUi- 
merod scrap iron. The other parts of tho frame, if well 
boundtagetliaiinngrhaof thabaatStaindaUitplatai End 
plates IhAle to boeUtllf ftom aolltMODB, riurald bo of Loir- 
moor, to fii^ilitate their ro-adjustroent when Janiiigc J. 

The wiiolu oi the wheels should he of ^crap inm ; ' xcept 
tho tyres, which must be of Lcwmg ir i[uality, to wi^ar well. 
Tho aslaa abonld be very carefully wrought in fi^ots, re- 
paattdlypaadanifdmwDtogivethopeaalittfatMrottaaiiit* 



AR the wroBght &0U vioit of tha madunliin ahoald bo of 

Borap iron, GnitLcJ wi'.h wurkitij; Mr(« of LowMOOr iron, oi- 
of Luwmoor scrajie wrouglil up; except thepi«ton«rod, 
should be of Lowmoor iron throughon;, or solid siiol. ;)it' 
expansion-link ahould also bo entirely of Lowmoor iron. The 
gaid»4ian an oeaaaioDally of ahoar stoel, with haidoadClBtn, 

Tha ifdagt ata of aUal pnpanMl iic tha ftfgv'^i 
they ahoald hatoa Lownaor abaebha and littka. 

Ct-t Iron. All the iron castiii;;! slioulJ bo t<>ughenaii 
with an iafosion of wronglit iron, ou Stirltug'^ pUii. 

Brtuit <$v. The moat suitable composition of bi:i^9 variee 
with tba aiMation. AfttrwMjwiadtrialai Mr. Allan baa 



Ibnndtha Mlawaig 
speetiv* 



OiffT. Tta. 

m, «b 

Azle-besrfgn W • 

SJide-vslTOi. 10 2} 

Pistou-riug*, 18 ii 

Bnhc* o( eomwallag todSt 10 Zl 

aiood*. 10 Si 

Pmi:p-r<ini», 10 2^ 

lii»Jv of i'UP.i;)S, 10 IJ 

ClAik'lmiet, 10 l] 

Sabtj-TsbaiOinbtayddi* "> >l 

Cocks. i« 1 

Fiuga for eeek*, lu U 
TaUow brass, which will > 

natkaaa^ ( "* " 

Trihsr bnis, to brsie) ^ 

i«-ith other work, S 



tho neat aaAahto Ibrtha » 

Ziafi. 



For pi!tun-rir:;», AlUn trii-il iiiixtiirfls havin;; from 4 ox. 
to 1 o?. of tin \Kr pounii of coppier, varyn*.^ from oxlrcni<! 
hardufS'! to e^tre.^le softnaas: the mixture alxjve ^ivou i< 
found to wear best, as bfaMt ihoujjii, for pi.-(lo» rir-.i, i-xst 

iron ia pnisnad babn any caaapeaition. For piitena and 
tbatr oama, he naao ofdbaij yellow biaia, trbieh bt laaa 

lirittli' t1;:i:i llif> harder brase-:?. 

Mr. Juka 6ked,of Dunbar, au cugiiiwr yf imioli <-\prriiT>oe 
and keen observation, uacs the following mixtur-.'s. Tor 
bearii^ in pillow-bla«k% and other ailaationa, where tbejr ore 
wtlkaapportad, 

C.'i i*r 10 Oi. TtQ "I o: Z'.ii? I or. 

For eoeentrie-strsfia, glands, and other parts subject to aerere 



Con^iOoc. TSolaa. Saaiaa, 
For footstep, very hard, 

laa, naaiaa, Vm^m, 



Digitized by Google 



VHHDSBB. 



Mr. J. F. RiuliT^n, Eiiiisttargk, ase% oao mistur« for ail 
WtMttflfbraia boaringa; as follow*:— 

To lS>k wmj Iw uMtt 1 or S «•. of fin* Imuw, which, h« 

iO_v9, mates ihe metal flow bcttfir, anil )Tr«!iir<'s a toiiglifr 
and more solid castiiig. For ;'«llow i>rau, he mizee 

Dr. Allian's composition for alide-ralvi^ It 
Copper Id OS. Tie 2i oi< 

an hm flmi in toooaotivm. The tin olmiBl emfm 

hardness, as>I ultiniiitclv briltleneM if in ezeoM. Tln^ 
copp«r eonfirs taugimeos. The aino is added to iuiproT* 
the flow of tlie melte<I metal, and the tomper of the alloy. 
Wlw* two biaaoM mrk t^^itlMr, m oaoln ud fiaff, they 
im hi cr tffaHit ahtMw, to |*iTiift wrifiig; 

** White netal" is appliodoilf w s Viil« tohadia and 
■xkbearfa^^ aa it ia too aoft to waiin iniM|fttt»d ; it is 
composed of the «artiu iiiatirinN :>'< Inais, l>ut in KTsrM 
proportioua. Sinclair ums the following mixtaM with 
lAnntigot— 

OepfsrIoB. Tia*««. SaeUaa. 

" Babbitt metal" is also nied aa a lining for bearing*. It 
b onuDonly mixed aa follows : — 

Oopparlah TiaSOoi. Aniia«qr8«a. 

For Mtbg axloboiM, Sinelitr vam Iht Mbviog oom- 

GtntrUM. ZiaelOiaa. 

White metal wean wdl, in ftwt, toowell.fiirltiilMmdto 

Wfar Jowii tl.s) bparln:];3 iiiutIi more rapidly tliiii IiirJ lin«!«. 
Bn«s, iliou^'h it 1]M l«iim paitiallv eclip!i4!d hy w))il<' iiirtai, 
•till hciMt iu |>1^oe, and will no doubt continue to do so. 

WoHKMAKSHtF. — Tho pUtcs of the boiUr are nraally 
■hapod and fiaiahod bj tho fammer aai Ballat. Sharp and 
«(hut pint tht tigm of the platn* which make jump 
Jo&lla. Wh« Uw Jolnto are lappd, do not require 
planed ed^ej. The rivet - holcA aliould bo borrJ, nut 
punched, aiid the rivets ebauld be clenched by machine, 
wh«t« practicable. The joinu should ht onlhtd hfjfo^ 
vut, if poMihk, iaaUad of hj btauiMr. 
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The inside longitodinal franiipp!«t«s ehonld be planed 
throughout en both aideo, and in tlie axlf'i^uardK, to t^orda 
periiHltjr tnw platform for junctions and fixings. Oottido 
fraimplttit thould be planed on the inside. The jnnalif ■ 
of trantvMit fmaaplattt with the sidM shoald tiM ho 
planed, to haw ooNipMo and tolit) joinings. 

1 Tbn entire Tiearin;^ and worliini snrfaoeo of s!ie rylinier 
j and aKbbox castings, ebouli be planed, tanked, or bored, a<) 
j repaired, to afliMxl in all case* perfect forms and eoinj>1cto 
■ouUie contact. Tho ijlndcr and fil*o>dMtt aitda and 
oaoaiathooUboiiilMhdfhtiAaiaoqiatid. TNdMt- 
ntooi aid «at«aEHw ataaaam m ilyiaiiftd to malce a dead 
contatl. It io htttor to pal thm togoOMr off the pfaining 
tool, and allo-.v tln.-in tu ^v«ar op to a »<>lid rontacl.. Ltnt the 
cylinder-joints, under steam-pressure, tlioaid be scnipttii. 

The whole snrfaee of the reeiproeatbg mechanism shoald 
be tvimd or planodaiidpaliahad :— 4n othar wofdi^ ioitbod 
briglib NadiighatdaadltiwindtfailaaiaialivoiMahi- 
amy ; hwldos, a eleanty en^ne is of great naportaMO to the 
darahllitj of the working surfitces, in the prerention of grit, 
and thebri';;Iitneas of tlie work secure? for it i;rfiit«r attention 
in cleaning, aa it is more easily ckam-d. ivnd shows soiling 
mors readily than black or paintod surrartin. The working 
surfaces of tha goidatam wd alidaa, and of tba ailabeMt 
and guidoa, an woaUy. liha 4ha nhiiMt% tnipad to • 
dead flatness ; but it ia battar, aa fai thaaa oases, to leave 
I the tnol-marka on the sliding ttirfaeea, •■ they IS»rm very 
small ^•roovc", wlntli rrlsin oil !k'1«wii llid wr.Triii;; i>ur- 
fikcei, and work down into hard, polished, and <iur»bl« flats. 
The whole surface of an inside crank-axle should be polished, 
' toalkwof iteboHig wnUaadaaailjolaanadipartiaiilarl/att 
by ita MTolvliig ■otioB, h it INm^ to laaiift and aetnM> 
late a large share of dirt. Stia^ght aih* Mid Boi ha 
turned on the open sorfaees. 

The whole of tho revcrsinir mochanistts should al=o be 
iiui»h&d bright; and nil the brass mounting of the boiler. 

The unpolished exposed anrfaoes aboold be snlGciently 
paiatad with a miztwa of rod and white lead, bafcca naaia^ 
ing tha oabor paUit; aad thay dmiU ha ftibhad with 
varnish. 

The tiras of the wheels are turned and bored on the , 

whole surface. The rims are turned where they touch tho 

tire. The nxTCfl are bored ont, and the key-eeats an slotted. 



SBOTION ir.-TEKDEBS. 



Tn tender, as tho namo tndleatei, ta tho whidte which 

accompanies the loromotive, and earries stores of fuel and 
UiUer, ttud other iuU<:ie3 ueceiaazy to meeC the wants of 
the leading machine. It is alio employed as tho prin- 
cipal bnko of tha tnin. la gtMtal daiig^t tho tcodar is 
nty ■impls; ft baa aMi^ a^ia, vMaiia, gnvli^ and 
agnagib BUtd aad wanted like those of Uie engine. 

The water-tank Is the only snperstnictnre, and it is niu- 
ally « ortcd into a horse-shoe form, so aa to incloso, on thrca ^ 
sides, a coraportmenl iorfaol; tho fouttb aide being open 



towards the engtm, and free aeeess to the Ibel ajfordod to 

the itolier. 

The broke is a Mnw aad lecer apparalu-^ iitti;i uiih 
wood blocka formed to embraco the wheels on one or both 
sidea of tho tandar. Willow it tho baat tinbor for brako- 
blooki^ at ft viU ami ia aoiaalcal. 

Two bodtpipaa^ OM on aatk aida, at* mnM bum tha 
bottom of tho tank, and eeapM to tin fted-p^ aaniid Iqr 
the cnt^'iiir-. They nri- fittivl with Taltrea or ^Bga to nti>* 
> late the anpply of water to the eogiao. 
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The draw goar and biilTln;j j^r-jir on- v,irli>ii!<]y d*«ign«d. 
Sbai'p a;<pLeji a trauitverae »priiig M «ad, for boUi 
drawing ami buffing. The pull between engine and tender 
■hoold, w bM •inwl/ been argued, b« Mlid and iaalattie, 
nd Mbr aiiriiip alMnld pbotd bttmm «^im wd 
tender only a* aukiliafie* to rtdaee noeteadioeia. 

The leTer*<^ ncMHary (or effietently controlling the 
whtvl-i of (iniii^arv tenJera hy the brake, is alj'jut 500 to 1 ; 
that it, the velocity oi tbe luuid, which aj pliva tiie 
moving power, at the haodle or haBd-wli<^fl, is redaoed 
MO timm bj tb* bnlwfMriitg, aod the blacks iimt« 
«p to At wImcIi witb aolj t-500th «f tlie ipmd of th« 

hand. Thd liniliii;^ forcLi is thus imjlliiil;.-d 300 ilmee. If 
ike lovfrajo Iw uiati.ria!l_v (;rcali-r, lh« (aunv i* liable to be 
WToi.chiHl, wh Wii it add.i nutUin^' to the effioieoey ; as a 
leverage of £00 to I ia sutlcioi.-Jr powerful to chock the 
wheels of a 10 or IS ton tender i in loud, it is thought that 
Uu bsai MtioB ia obUfaMd wltea tba wliMii an joit 
pMPodttsd to TUTolv*. Am tlw nqmiiito Icvmga ^wnm whh 

till- wIkjIi; Ii>a,i ti.< lit; l>raked, let us aaa\ima a standard lever- 
af;i' of .'jdO to 1, for a weight ijf I 2 Ions. Tliis would give a 
lovorago of. sav, iO to 1, piT ttu uf \Toi<.'ht; and tliu n.^aired 

levcn^ for any woigbt may be eimply computed by multi- 
p^iqg the weight in tone by 40. In employing lererages 
giHtartlna 500 to I, tbaftwM mart b» apMial^ IbitifiMl |. 
■giiiut tba deranging action af tin bnlM. T« dlalilbMa flw 

(train of the brake, and prevent it* undun ciiiio'iitnition on 
particular paru u! the frame, the re4aciiun ut iha motion 
ehonld be thrown as much as may be into the system of 
lavets htynmd the screw ; for this should 
baaffttfriditfiteh, and the lever to which the action of the 
anaw b aaany a d, aboaU ba in napaai af tba aborter 
k«an wUdi act oo tba bnka^tlMba. To eompan, for 
example, Sharp's hrako applied to llii' ttudcr of his px<soii- 
ger-eogijie, with Allan"* brake applied to the Cicwc U-u- 
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In tbeae brakes, tho poMir fa donbly coneeotrated, first, 
by tha liaBd>latar and aanwi aaerad^jr, bj tba anequal 
lavars oo tha tisiunrene abalt. Tha fint rednetloa is repre- 
sented by tho rati.) of tho path (trsL-ribi'l hy the handle in 
one turn, to the pitch U lL« nwm ; and iiw (ti,'«uui, by the 
ratio of the long«r to tlie shorter levers, all of the latter 
being presumed to be of e^nal lengths. Proniaing that 
tba path of th* handle is, in fitet, tba eireumfersoee of the 
Hida dtairibad by tha Ingtbaf thahaod^laTar a* m nUn, 
tha aocaiaitta fadoetieni are aa follow: — 

(lat) 7S to i, or 225 to 1 by aerew. 
i (Sd^ UteO^sr 2talk^ tsvat*. 

(.Total redttotloa, 4Mto1. 

f Um.f 4-1 Ut i, or 83 to 1 by tcraw. 
j^„,, ) (2d.)a«to7, orftUtolbir" 

Cxetal fsdodisn, 4Wtel. 



ll thus appear* that wliilfi .Sharp at nrco redurrrs tlic 
moiiao, or eoneentrates the power, t'ia times, by tht> use of 
a long hand-lever and s finely pitched ecro.r. Ailaii r»duoas 
it only 88 timi^ vaiiig » abartar haadls^ sod a mor* 
vidslj pttohad aafair; aad aaaordrogly Shaqt only daaUa* 
the power in the second oonvereion, whde Allan, reserving 
a greater proporticm of the daty for the last, reduces the 
motiiju, or lucreaseB the ]>nwor, ui'uriy C tiiuca. It is clear 
that Siiarp, by ibe v«ry vioUnt concentration of power in 
the first stage, necessarily strains tba fiaoifay nnah aaf* 
aavwal/ than Allan, «ba dindaa U mti* aqaal^t atth* 
saa>a ttma, tha final pew obtalnad by Allan iaalai> gnat ir, 
being nearly 500 times the pressure at the biadla ; iihib 
Sharp obtMD* only 490 times the prtMure. 

It is advisable, thtrcfore, to relieve tho srrew- motion, and 
to concentrate the power, as much as titay be, by the sua- 
ceeding levers. For this purposr, tbu haud-lover sliouldba 

short, and tba aaiMi abonM ba vidaljr fttahsd, doaUa ar 
triple>tlii«adad if naaaaaaiyt tha fiat laear on tha tiai» 

verse shaft should be long;, and tho lever.R bcariiiL^' oti tbo 
blucks should be short. The») conditioaj ehculd iu all 
ease* be obe«rved, so fkr as eirc'.itn^lan'-i'!< may permit. 

With r«spect to the tledge-brake, of which an eajuapla 
ocears in D. Ooocb's tank-engine, and which apfdiaa tha 
biaUaf fima totba laila diiaat» ii ia M daubl tba Dostaaib 
latt form af btaka; hut It wasla natoring, and, ia all 
applications of the ^li'd^'o-hrakc, it o:ii,'ht to be so arrangad 
as not to incur any nak uf tho uhi,%> leaving the rails. 

The number of wheels placed under the tender ia uaually 
six, sometimes four. Foiir wheels hnvo bean jMroved safi- 
cient in pmetiee; and an tberefors ptabiaUa to afab 

The capacity of tha tank fiw water, should be, for otd»» 
nary passenger-engines, and for the lighter class of good^ 
<'!^t;iue3, abjul liOO to KHJO gailoiiB, or about LM) to ICO 
cubic feet. Fur tho beaviis«t gwdtj-cuginM, it may be 1500 
gallons, or about 240 cubic feet. For light (auk-ei:.'iiieB, it 
maj ba £00 to 600 falUna, ar aboat 80 to 100 onbic (mL 
Bat mitar ia htmj, W aalria laat wm^img » toat «d, 
thmbtih to carry out the light-engine prindpla, the tank 
aboutd ba only as large as wiU supply, aay, aSO-mila atafpt 
fir whii'h the (uipacity, at t aabia feat par mill, anaU 
aniciuut to tiU cubic feel. 

The tank should be of beat plate, J- inch thick to allow 
for mar hj tha aaiion of water, whish ia oftan aanaidsfaUsb 
and ahonid ba inll al^ad, la prta aat iltaradaa of tutt 
and the consequent probiibi])^ af Itafcage. When tha wat» 
supply is impure, a sieve at dmner should be placed at the 
(•ir,.-;iiii>3 to tho tai;k, to dcrtain gross inipurLtic?. lint the 
prevailiug priw^tice of firet admitting impure water to the 
unk, and then introducing chemical agent* to purify it, ia 
afaanrd. Xba watw afaotrid ba purified in tba laiaftair, 
b«lbf« Maahiog tlia (andsrt thoa tb» doratknt of hotli tba 
tank aad tlia bailar aranld lla ptolomad. 

Our business is next with the carriage and waggon stock, 
and afterwards with the rails. Then will ba Itaalsd tha 
subjects of tialn-rasiatance and perfsnsanaa af av^Ni| laba 
bUamdi^with adigaalaf alithaawidaiMikandaBDolnioaa 
Anndad tliareupoD. that aball law bam hmghl ftraaril ia 
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SECfnON I.-PBT8IOL0OICAL PRiKCmES.* 



Ik mk](inj( s r&iKtnv ll.ert- iiDii.illy a daluiii-line by which 
ih* laTcIs >re rcgniateiJ. It wnulJ seem thst there should 
•Iw Im « dMai»4iiie for tbe purjwiW to fibuh U i* l» to «f»- 
Uw irvuii of pin f w m t ywh. 0 >» J i pny, in 
mm ^umt, bo 4MM» into wwh [njittM m wtif b> mily 
Mowtd In nj tini «f waggwi. irilhoat eoniidoriqf ito form 
too onriously. But p.-usour^cr? ar<? a j^tandard oemmoditv ; 
tbey catioot oonTeuicoUy be mftde to fit tbo oani^^ M<i 
therefore the carrUgN imt bo HhfM !• Umw with liore 



nil may vary with « laag or » obort Journey, for a man 
mtf put «p with «B in—lWHteiit poatare for ao hour, which 
«oaM bo bitatonblo fer holf a day. For a long journey, 

iOi.Tn;;i.> of posture fp'rii MittlDg to standing ia essential. 
Tlib siiiiii:; pontiire, too lone; cnnlinaed, W'tiiprOTsri! tiii; 
rli,ii;ii(!i of tlie lloo;l. iriipc<ics ciri'ul.iti'ni, aiii] colil 
feet iiiiiJ otlier evttj. Hence the desire f«<lt by {uiesen^rs 
•n long journeys, to gai Ovk tt Iho carria^ when the train 
Mo^ for the sal^o ol itoipoMcy nmm, IlMnfbni tbo 
•Iwdard height of imn is Iho mlmd dktan far dMiitiiio 
Iwleht of passenger-carriages on railways. 

From tlie height of the earria^je, say six feet, the 
breadth of it may lio £'?''.iniatf.l. Ii sliouM at least l-uoni'- 
half more, in order to k»eptiiw centra tii grtttity low, au«i to 
prevent the tendency to otcillation while runnine. This 
iMBM|ivoniiio bot{ hot ii mold ho «drant^aoM to Imto 
•Ito ten Iset, snpfiosiDg that bridgot, piatConns, aUtiow, 
Mid intenpaeea between the raib wowU permit it. 

Ths lentrth may be at least foar limes the brea<lth, say 
foriv iVfi, in ctJit to pn-rriit a!iy forward pitching motion, 
ui)d ))ai :ioii1:krly the disagreeable diagonal pileliifig eembiBed 
wilti lateral noaillnlw, •» eoBBWD io Ami MNfiagao «« 
li»w whiob. ■ 

tbo grat niaOi of Mi Clot, now ontaniphtoii. would of 
ooarse overhang the rails «0Bii4tnU/, on dio 4 fait 8i imb 
gange ; and it would be expedient only in eoBBoetlon with 
cr^at Icn^rlli. Tliiora ari>. liowovrr, t«" lia**'* to a c3iTia;je: 
tlie axaii ur wiirel-baae on kite raiU, aad the eiiUitic or 
spring-base on the axle-hearings. The latter is praetieally in- 
iopoDdolit of Iho fanner, and nay be extended to any width ; 
Ihoq^ tko ooitllod fltd boso is sometimes rather shaky, 
oirinf lobni jointo wt taXk, wotk nilii, oc isliiD fanndat ions. 

9bofat«o«fthkob|oet«Mi towidoatrriagioiaiMet by the 
nperior facilities afforded by great length, for rnlu -in;.- un. 
otaodineH, bj odding Io the aoinbor of wheels and axiia, and 
fHiadfBf Um wbMttaw bngttndinaHy, 

• t'lT tl.f li"'' r,( •ramnent pntsued in tJii»!ntriili-rirrr .iviiim. und 
for the •ob»teiw« of the rcuonioii smI dedixtiout, Ui« auUitir a ia- 
debted U> Mr, W. S. Mum* ; than wliani few men hare done mofe for 
Ihi ndnneemMit of raihray Imuit. The author has also latijelj 
osiiW hkaitir. kr ditiot qaeiaiisoiL «t owokfitbid HSS. VmOj 



In cumparioon with carriages of the ordinary Ien<rth and 
width, 18 feet by 7 feet 4 inehos, the larger carriage has 
• gT«ai«rinbi«toontiiitnador»gi««BoslonMlniftet,aBd 
coimyMBi^y oowanrfnupni^gornt w oi M liii* It aba 
•hartont tbo total lengtit of tnin, in virtue of its greoter 
width anl tho ndtntil nuibtr of baliMpaeea ; and, as it 
rp'Juc?^ thp namber of gaps in the train, as well tli« 
kkriU outside sorfaoei the atmoaphwio rssiatMiee whieh, at 
high spsodi^ bawMi an iapoftint alMMn^ fa BbaiKfaa 
doeed. 

Safety to poooMigero in MOiO of soUision u grsatir in 
tiio laqfir oarriagia, ■■ Aiat en the raiti, whilo iho 
•iiortar eaniigoa nomit ono upon another, and gel emolMd i 



ami llic i-nitipro»:<('<t l>iilTor-9prni::>i, llms sii'iiittilv reU 
project iht- biitf.-rs into ilic neii^liltoarm;^' earria^t^. 

Witli roupcft to tlio internal rosiilauce >o traction, apart 
frvn t))»i of lito atinoepliere, alreo'ty inenttoiied, it may be 
rexolred into axle-friction, and rolling friction : — frietioin of 
tbo jonrnato in thoir bonringt, aad tbo faietfaaof tho whatfa 
on tiw n^i both fa«naitn<; (n prepertiHi to tlio bad o» 
ditionof .the wheel-tires mi the rail-siir&ces, and to the 
imp*rf«et »t«(e of th(> l',ihrip.«l:n;i ; al! nr)$^ented by ths 
w.iut of 5uliii-i':nily flexible fpriii^'f. Upon the gtato of the 
wheels and tlie rail* dvpenda the amount of resistance to 
traction, and of the engine-power re<]iiired. It, by goodand 
wsU fixed nilo. aiiilwisll aiiiiigoil iniil^n, Iho 
«r llw tniu oanM hondoftd «M4il( Mi^Maol 
the power, with ono-balf tbo oil, g roiOi , and watir, 
aad with a greatly reditced maintenanee of way. would iaf> 
' See to ilrau' liu'iii. 

Tlj'3 l'n>?tii<n of the axle, supputing it to be rightly made 
and lu>iri. a(> >i. is in pioportioQ to theload onlhaailikwitit 
an alUwanee far ennenwiien aapeiaddod, 

Tbo IMction of tha partplMiittof tbo nlMabta tbo nfla 
aifaia,farAanMrtpn(t,6wntbaanBi»«niia vWob gioa 
fits to naaliaidinsaB of mottra. Theoo ha*o already been 
diseuseed in a precefli"^' olispier, with ref-jrein'e to .vln'rls 
fixed on their axles, and r^rnii: .1 i;oui>(»tlty on the tire, accord- 
ing to the prerailing pntetiee, and may here be hrii^^ I0> 
eapiialalod. Whoda nm with friction when, 

lat, The tiaad on th* nib ta Irregular, 

Sd, TboailtaawMtpainllal tooagl(otber« 

3d. ThanbiobannatiBthtMMplan% 

(til, The ad«aNM»atii^ «^ willi Hia lina tt 

tractiou, 

5tb, Tlio rollin; diametiif ataaot ofMlttMA nlWr. 
To whieh may be added, 

6th, When the wheels are impeded finui movteg iMily 
to rigjkt and left to suit irr^gnlaritfaii 

The Inqnent irregnUr nwrNMnt o( tfw Wiggeni in » 
gdoda^Mia wUIa nnuiBg', ia oanaad bj tha vkiiib bat^g 
Is 
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land in t funlbl plane, to the earriage-aidca, witboat power 
•f Mull mmmnt indcpaidaiitljr of tht wtggm, in Ikvir 
•fbrfa t» wapwatU br «lw imcBlHUiw af Uw nOn 

Where the wIimI gofi, the wag^n must foHow ; tni, upon 
an irregular line, the emtio morenivnl from eiJe to tide, ie 
ratluTA -.I^Mi i)f i;>i<k1 nui;i:<>ii-construction, than the contrary, 
aa it indicates that the wsgjf^n i« not bianed toward* ooe tide, 
by iacliotd MdM Mr tnequal wheelt. In paMenger-trains 
tk» iiv^golar mtmmmA w m Miaojiag, hj lateral otcilla- 
tioi, Hbtlt UMMu uw tiliin M «MTirt Ac iriwi* tmin'into 

• li^gU carriage by clow VMfltiiif «Mk light nd bft band 

By this proeeM flw wlMlb W» pMnaUd Ibm ful- 
I'lwiiig their mechanical biaa. and become more or leai 
»ItNlg«a, adding greatly to the reaittanee to traction. The 
smooth burnish so commonly teen upon railt, — a bamiih 
not predoMd hj m foUing moTemeot, — majr b« accounted 
te MB Oua mj. 

AnppMiBt tha wlmta b* traly C i wm < with nflietent 
leagllt ud play «rf oom,— an opadient vhich we have 
already described as a means of eoUrjH'iisatlnj for llir ili;T'-r- 
enceof path on theonterand inner rail.i nf curvf j lines; ilic 
i:|UP5tion arises, llow loug will they remain so ! It i? foiiinl 

in practice that tbt tirea wear down to a cytindrieal fMrm an i 
idtHUtdy into n groove, when of course their power of 
MiMJaatntiotitdlMtKjrwIt aiidtbatthtjinininfniittent 
i»«iniinf . Thojr art HoordiBgljr nndo Iff inch to t inches 
thick tt) all ow for wear, and another evil is introduced, — 
overwei>;lititig nf the perlplieriwi and eonvertiu? them into 
fly-wlie»Is. Again, wlieii ilii- vvhi*ls ar.i in tlm (iosi orJur, 
their power of adjastment to inegnlaritiea of the rails is 
filiij nvailable only at tlow tpMdi, m thij mii Iwvt time 
M mow bom lido to «ido. 

Wbn • coupUd train bt* nui ht mim tima, tht wbotlt 
aai|nira tnd-play, dne to the wearing of the bu*he< endwise 
by tbe eollani of the axle, unless some process of adjost- 
iiioiit te employed ; the buff.im llirn, In all.Tiiato tlx^iii- 
action, on either aide, keep op a lateral nioveiueut like that 
dao to tbo aitematiott of the wheel-'^oiu!. 

Th* tnaadj pnyaatd hj Mr. VV. B. Adaaa for tbete 
tfili, in to pamft f&a vbaala to latalta onaaaddaiiidapen- 
dntly of ancli vthw t withani, kawavw, inttrfMng with the 
free r w o lntfan of tb» a«l» fe ita bearinga. In this ease, each 
wheel would traverne tlm i^tmUt or 1cm path of the outer 
or inner rail, and acii^miucidate iismlS by more or leta revolu- 
tions. Thua there would be a fair rolling movement on the 
periphery, there would bo no torsion on the aslt^ and the 
tread of the wheel might W Ojrlindrieal and o*or» greater 
bcoadth nf rail, iadwivg giwlir danbilit/. Martaver, 
tbaro iravld no longer bo tlia oeeearity to maira tho wheels 

with tlie same e\;i-rtinl ;n'oura'-y tit to diuinflcr. Ttiry 
woulii, in pliort. be iiide|*«iidfijt wlieela ai* ill hii^hwav car. 
ria^rs, licit willi a revolving axle superadded ; so tliat, if one 
of the wheels or the axle ttui k fii-it, liu rv wouid stiH be 
fiaa laivotlltion, and the danger of hot bearings removed. 
Dm anaamfiMtara of aaeb wbaala pmporlj, wooldiaquire 

• otntro or nsirr, at laaai aqnal m leDgtJi to tba ■emi^ame- 
ter of the wheel, to counteract the flangt-lcverage at the 
periphery, and ao hardened aa not to wear, »r jmjvided with 
eome cheap and simple mcaiis of repair when worn. Theae 

«he«i* would eo«t mort money at the outlet, but they would 



be durable, would diminish the ebanaaa it awldtat, and 
weold laiam laiiitaDM to tmotian. 

A« to tin atiqatnm af wbiaK ^ int agwalHatiaD ia 
that they be toaa elrelea, and next that no blows on tha 

tire thoutd be able to disturb itt eireoTar form while ran* 

ning. In rnH>st railway wheeis the tire eungtitutra the felly, 
or external I'nuaiiilg, «f u«ikrly«o; llip franio [miprr being 
ao thin aa to form flat sides when the tire \a shrunk on 
hot. Tba whaai, m h at q aa nl ly pot in tba latbo^ ia Mduead 
to a tnia ainia aitiraaily, but (ha ttn b hAaf nmfiil 
thickneas and tha hrianaa af tha aM ia Ian, idiila ita 
strength it matMftally Impalrtd by tha tntgalailtiaa af Aa 
blowa whilst runniriL', and e^niHi JeraUle reaistanea to tiaotiHI 
and uniteadiiie^ of niovcmcut ia g«nerated. 

If therefore the tire be not ttroog enough in itself to 
maintain ita trne circular form while putting on and while 
running, till it ia worn out, provision must be made for it 
in tbafeaningoftbewheeL Tbaol{iaetof thaapahta la to 
prorldo a ttnit or bearing from tko* antra of tlta whati to 

the pi-riplirry ; if (ho »j>i>ke5 hr few. they irnisl t)« yury 
B'.roui:, and the teilyor rain alflo ; but it ii9 fuund in practice 
that, tliij uion- spokea, the truer and better is the wlo-id, aiiJ 

I thift brill tw to a tolid centre aa the baat of alL Catt inw 
wheels, if they do not break oo aoeoaalt af fllM, tti^ thlM* 
fore, ao &r, a rmj daaitaUa irittaL 

A aalid wraagfat inn wbod Ihm bNly abtainad math 
favour, that ia, a wheel In which the centre, the spokes, and 
the periphery or tin-, .are all we'.ded toi>«lher, looking like 
' a common spoke wheel. Tiiere ia an advantage in tliis, that 
all the materiaii! ara in a state of rest; but, wlien the peri- 
phery ia worn down, it muit be replaced by an ordinary tire. 
There is another ditadrantage, common to all ^ko arbto l i^ 
Uiat thay act na fiuman, producing iw l a tia o a to tiaetiai, 
proportional to their speed; and they, moreover, raise a 
quantity of dust, to the annoyance of passengers, and the 
ilahiA^'e ol* iiiardiiiKTv. Tho diso-wbeel poasessi!*, .aL;ijn, 
a lateral resiliency which doe* not belong to a spuio wheel, 
as in the lattar, tho spokes preaeut their edges to the sida 
blowa botwaae tha nila and tka wliaal-flaitgw, Lattly, tha 
liinrt tttm admila itf thn tin liah^t pnt nn irlthinit ilirhiltafi. 
and of its being worn tliinnar than with tba ifaha Ara^ W 
fore re<)uiring to be replaced. For tbeao taaaani^ tlw dit^ 
fiLirni or solid erntre, fecnn tho liMt aJapled for wheels on 
rftjlwa^.i. Disc wheeU have hem mada in two modes ; — 
with radial pieces of timber, put together and forming a solid 
body, with east iron boss in two piece*, and tina fanonijly 
applied ; and, aooondly, with diaea of botkr-ilato ar of aato* 
iron to form tho hady, hnltad atveod. 
The pniper diamator of tho wliaaia ia Mgalattd by tha 

speods, and by tho character of the road. If the »peejs 1m 
higli, ur tii« road to weak vr rough, the wheels should bi> 
large, say, 3 feet 6 inches diameter, or 4 feet whcro therr is 
accommodation ; but for low speeds, or good roads, 3 fiset 
may suffice. The larger the wheel, the easier ia the motion, 
and the less ia the traction per ton ; but, a lai;gar whaai 
entails a greater weight and greater outlay. 

The axlehox, as it has commonly been eonttmeted, baa a 
bu!<h of gtiii-nictal which bears on the upper part of thead^ 
i jniiriial. Tile bush is pierced w ith one or two boles imm^ 

II diately over tha joanal, whi«h op«u into a greaw-hoppir. 
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vlicuce a kupi»!v (if Uic lubrieaung nmieiial U toppowd U> 
pan through tbcM hole* m tbroogh tha hopper of • mill, 
and,u hy» mill procegs.thc oaed gratwdrojMCwaylMlow th« 
axl«, from the op«n boliom of tiM boK. Bnt ft Hmetimea 

>)ljipWI»tlMtgri*«BdgU>»fall«g« W l t l< MW MIIl»^th»iMd» 

kolM, aa4 tn meh a mm tha fabriastmi e m mt, tati tii* 

beariti;;s hfni ; am] tliouffh tin.- linl< » lie c!'.iiiipfl out, frse 
labricaiHm cannot be obtamnl till the aurfsees be aeparftteii 
by liftings and Out kbriwtiiyiitlig U jaUtfaui Iwt— w 
tlmm. 

TJwytiMipbof a lubricating aobsianee ia, the interpoaing 
bttmn tk* Cm baaring surfacaa » laid bwlj CDpning • 
■wwhI nuluoB, keeping apart tba nlint and iMOtnat 

•nglra of which the surfaces are niif n^ioopieat^jeompoaed^and 
•erring aa a eeriet uf iti&oiUisiaiail^- email roUem analogous 
to a bedding of amall ahot, thoa preTentin^ interlu'-kiM;> 
of tha anglea. If the lubricating material be removed, the 
anglea interlock, and heating ia ioduowt kj th* piMMI 
CtMib^ taurii^ aitmj purtiaiw of oatai. 

In pNpartln m tin t«iiriiq> nHhaw «• ta», hui, ami 
pglnhed, the more fluid mav be the lubricating material. 
Thn* Co* oil may be nsad instead of aoap. But the finer, 
or leaa viacid, the Iii)<rjcatlng inatcriat, proportionately larger 
ninat be the aiie of tha iMuring ; the bearing ahould alto be 
in proportion to the auperinenmbent load, ami to tbs amount 
and iBtemitj of eeaeoMisB bttmon ih«n i and thai, m 
a lailwaj m tad oidcr, tbo a al a-tt aw aga will %o mora 
likely to heat than when tha railway ia in good Oldor. It 
ii |cii!iatit^ that c«seaa«ion waa originally tho indooMiMOt 
to use soap as a lubrication on railwaya, :^art fivta tho 
diffieaity of preventing oil from being waated. 

The defeeta of the oonimon axlebox are, then, chiefly, the 
OMattaiii lalwioti a Pt tlia aMamalatioa of pit intdar tbe 
jaonal, lha Mila of gmaai^ and lha want of aoMnt ww 

novOatMliaTabM Uldwtoto do: UMatI«lM»oti«ttldbt 

made greaae-tight, by snit^llir ap[i1i:iiKi-.i at tljc bm-h ; and an ' 
end-wearing piece, independent oi the boih, »k>uli be* applied j 
to the end of the joamal, and renewable at pleaiure. Mr. ^ 
Adama foreaaw and provided for th«M abj<«t« in^bit patoota 
of 1846-47i and tha importaaca af aiuli praviriona ia new 
generally appr««iatad. B7 Mtaioi«( tho g io ai i htlm fha 
journal, tha journal ia eooalaatly batbed at !ti under aida 
while ranninggthoj rcQjering it pracllcanylii Jop4.'ii>Ici'.t of tliu 
upper teed-boles, aiiii at t!:e satin' tini<i pruvi-niin^ aijv en- 
trauceof dirt; and. whereas, in tliemodeof lubricating from 
above, all dirt in tbo gniaM ia carried to the axie, in tlia 
node of lubricating from below, tha greaae depoaiti ita dirt in 
tba nagaala% aad on^ tha olaan pottion teii^aa tho baarins. 
• "AlUr tha quatloB of «bo•fa^ tho m>t omtldanitloD b 

that of bearing springs. l\y ihe intorp'jsitlon of bcariiii; 
tpriug?, rnpid transit on wheels becomes both agreeable and 
/S--i)n()uiiral ; witliout tlioti), cinr travelling' machinery WOald 
be rapidljf destroyed, and travelling by land, as we now an- 
iiliatlBd ft, imdd ha impracticable. Bearing' springe not 
merely caae the laoaaotioa, hot tho/atrvo to k»ep the wheeli 
alwaya preaaing ott Iho toila wftboat Umn or joltbg, if ' 
rightly constructed, and by avoiding coneuoaion they facili- 
tate draught, convaitii^ what would be eononoaioa into I 
aiafla lutaaaa af |aaM«a«. U Uubf» a^adaMBia on U 



traction, it ta atated that ' at • apeed of nine milei per 
hour, apriTigs tlinituiah the resiataneo by oneJialf t* and that 
' asparinunla otada upon tm waggnoa aaaatly aiailar in all 
othir iiapatt a , b«loBoinAaiDd<«wilho«tifiiigib«h«fMd 
thaHhowaarorthoMadi^ aawell aatbe htenaaaof tiattiant 
was aeoirfWr the aamo aAar the paeaage of 4577 tons over 

tlie same track, for the carria;::? witlmut sprii'.f;^ fiolii^' at a 
wsik oi from 2°£37 to 2't>8i miloe per hour, and for that 
with aprii|gi(tiqtalatntoflimDSMnioMnaillaa|ar 
hour.' 

" Tbeie experimenu do not, howofar, otato tto ^aaK^ of 
the apriaga Modt or the diftRomo botwoen I pnnga aa ptnatft 
aa they can bo aiada, aad thoM wMeh are very imperfoet. II 

mn.<t be cluar that a s])rin;^, to ii.'<*rnl in thr liiglic«t 
gree, sliould dovelop its elaatie action in every direction 
fi-oni >vhieh eoQcttMdoa B^rtahoplaaa htinaiiitha whail 
and ruad or r«il. 

" In the ueual appUeatioB of nilonjf lanitin apih^gp upon 
an aaiabox wbioh aaa oaij alido ap and dom Tirtlwillj. 
ft ia oridanl Aat ooly virlioal oaaoBHioD ia pravidad Ibr. 
Impraa>«d n ith thia objection, Mr. Adama, many year; bacic, 
deviaed ilio lK>vv<ipr!ne;, which fulfilled the condition of uni- 
versal yieldin;^, and being cjmpDsed only of sinj;le plate3 
iuateadof IttmiotB, waa capable of btiin; licrnulieally ae«led 
againat ruat, whOo tha frietional aurfaeca \v«ra confined to 
aimpta aiia nommaati aapahlo of lahrieation. Whathar the 
blow 00 tho whati wmo foriltallj, lalondly, loagitodtBallljr, 
or diagonally, the elastio action waa available to iolaroapt 
it, and instantaneoualy. Tba firat trial of thaaa aprima 
gave great aatiafattlao, aad • aoBiidMiUo mnhK mte 
made and aapplied. 

" But tha maximum apeed on railwaya was tlien under 
SO inilssp«r boor. WImb it iaernsod toSOmilssaiid apwaids, 
tho dolactita prapoitiane of fho aaitiaga Imum aid bodlta, 
formerly poiatsd out, b»gan lo dsa »BB ili a i t a that tho ontnof 
gravity was not well placed, and tha oaeillatian waa ao gr«il 
' tliat it Etc]>ped the use of ixt'.vipringa in England, but noteo 
I on the Continent. The engineer of the Hamburg and 
' liergedorf Bailway, Mr. William Liodley, determined to 
UM aii^whiol cairi^^ for tbe narrow gai^, and tkoae 
(birtj fast m length. The result proved that tbo 
owiillatioa diiappiatid, whtia tho noothMat of mmikm aad 
greatly inemwd fceiUty of tnalioB Nmafaied. la eoaa^ 

ijUfnce, at tliia lime the bowsprin;; is almost uiiiverjally 
used iu Uitrutajiy, while here it is now scarcely knosvn. 

" In using the bowapring, Mr. Adams abandoned the uso 
of axle guarda or forka, which are made (i> auttwcr a eimilar 
purpose in railway carriagea that rowlocka aerve in a boat. 
Hoallowad the apring todfov tha aslo and wbaali, aa ia 
eoamwii on highwaya; lemotlnao gaaida wava applied, 

thoUi:h not a.* f;uidt!a laterally, but to keep tiie axles aquare. 

" In order to insure tlie rolliu;; of wliwis on a railway 
with the minimum of friction, tbe true plan ia to leave them 
to tfa«<M«]vci, wlien thajf will iuUllibiy find tlic path the/ 
prefer, that ia, to laon ihail free lateral motion to acoon* 
modate tliemselvea to mtfm and irregularities of tba laila. 
I " Subaequeotly to tha hawapriog, a apring waa InllO* 
duccd, called tlio ' teuatoo-apring,' It waa formed by 
I drawing the apring tight between btacksta or aeroll-iraoa. 
I It ma «al«sa«% in ahott, la • «tf|ht4^* .What^rar 
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•priagwm m il nut hkn Urn aMdmd Iqrhn^ 

OTItiag».frrtii!c. The extreme of its defla^M HM abMt 
htlf M inch, and, c ousoqiuntly, eTcry violMIt Mow of the 
nheel wu felt m a jerk. It was said to anawer in fii-et- 
daH eatriage*, bat this was scarcely a proof of elBcimey, as 
tlia kwl of IS paMetigere in a vehicle 'weigbioj upwMxl* of 
ftoff tau fnintti but litila diaplMtuHiMt and spring 
twhiww lid ««ft ttaCqg wmM MitfidiH nuMb hardne**. 

•flying theeamiigesaiidvafgaafhHiMdMntiiMMillMwkNli 

witli 3 forct tquIviUiit to tiio lu»il. Cuusivjijently, when there 
is iio jua<t, ihev can SL-ai cel y be ecmsi Jcrf d spring carriagei, 
and on an uneven line tlic wlictls may bo wyy ajit Id <;rt off 
the rail, as thi'y artt [nuYnuled fruiu jirf.i.Hiiii; uu<Ur all eir- 
cumetancei, .tach, for example, as a smkm rail. If the 
Miea hang iooeaij and flniU/ M th» ^iiigi^ ih» whtak 
will always preH on the rails i bat in soeh ease • iburt 

fdur-wliotrl \Mi:gciii or carriage will infallibly OMjUlIt AwiB 
want of a suflit-it-ntly Htaljle t'^iitif o!' t;ra>ily. 

■■ A Kiur-wliei'l wai;L;on in rumiing btrikcs tho lfa<iiii^ 
wheels nk<TnAk:l,v to rigbtaud ag»iu<t tbe rails. TiiesUoct 
«f the blow i« converted into a vertical increase of preasure 
att Hm apringt |>aM>bl7 aotb^ on H with thnw bnrths tt 
tk* mightaf tht Mtal laad, oiA iriA • gral diwM «f 
breaking it. To prevent this, each spring is made to carry 
three limes as umcb load as it would carry sup^ini; tlicra 
werenooei'illaiiuii. (Ji.'ikinjiicntlv, the .i]>rii:^'i< axMint .i|.riiiL'-' 
at all lave wlien the waggon is oicillating, and the result 
matt be groat injury t* tlw Mwl and Ut* fooda, ud gmt 

fdiitMM to trMtMB. 

•*Iiaq^ttidinainM» iiliMb«on|ipoftiliiilM only 
remedy fur ibit. If lln WIggOB w«M on eight wheels and 
eight springe, it M obvioaa that there could be no pitcliiiij;, 
and, therefore, «ft'-ti s^t Iti;; iiiit:lil I'c inadt fluxiblo, and juei 
strong enough to carry its own load, and no more. More- 
over, the waggon of double length may be constructed of 
gnatar widtJi, and thm aigbt whaaia ta ana Mapm attjr 
amy n inaah nara TalnniiMVi kad tbiB tiglit wlMab to 
two ai y a wi t iwggons. 

" But it will be argued, and wltk naoon, that largo wag- 
f<>n« Slid carriagee iuvulvi- many other euntideralions ; 
dilUculiy of moving to and from workshops, and difficulty 
of dealing with in case of their getting off the line of rails. 

" Ibis difficulty is very easily remedied. Iba waggon* 
Nd aairiagM may be built as four-whrelad aairiagaa, and 
tlMK annmad to bolt together, •• at to im»abt||ihflan« 
aaailjr mMtad when rnjuircd. Tho «Iweli nuj ho mt- 
ranged to traverse by incaiia id lung sprint; litili« four inches 
either way, so that n dauUc cai-r^age o! forty ftct in lengtli 
may |>aj:. fn^ely round a carve of 800 fict radius. 

" A» tbo springe in ordinary use atv formed of several 
laininis, tbey become len flexible on account of the rust 
wbiab aoaBouiatta betman tha platat. It ia tiienlbro do- 
aiiaUa that aamo imaaa dionid ha fMnd of preventing rust 
and increasing flexibility. Mr. Adams lias i>ut.TC'!itnd and 
employed the process of tinuiu*;. Ik' alM> ilii: ficnitoa 
|jei'iil;;ir f irm ; ;>Ut^nia'.L' ribs and liuliu.vs til i.wi aimllicr .it 
thtt otulio ut ibi) pUte, wliidi tiius dinpenae wtth Lhe mis- 
chievous and tedious process of the slots and studs used to 
hasp tho flatat paiailal, wUla tha ad|pa ata ]u|it thin i 



hy iho paaaBtr ttation. the atteogth of the ateal ia an- 
mdeiat^ y ia l it than ia tha atdiaaijr fm with IhaaatH 

weight. 

" la ninkiug up trains nitli saeh long carria^cB a:i(i 
w.igf:ou5, tbsro ia uo mciimily for tight eoupliii;,' for tie 
purpose of steady running. Each carriage maintains itself 
steady by its own form, and on!y roijuire^ coupling by a 
loose eiiain. The number *f the wbtcla and llcxibility of 
tha aptiiyi landv* it wj difioolt to gat off tha laila. 
Waia ft piMlieabla en aaconnt of our* n, it woild bt do> 

eirab!e that tlie carriages and ua^'gons !n a train should 
tnulually i^upjiort i>ac!j. ■jIIjvj', ftud t'l^uali^e tlim lionzontsi 
l>*»riii^' ou tho »|)rings. 

» In order to facilitate the running of ordinary carnages, 
npon tho same principle of eonvertiog tvro into oua, Mr. 
AdiM liat doriitd a aimflo and auco aaoNiokind af oooplioi^ 
Tha Im hnftisbiada aw aa«M«tad by a daoiUa im link of 
an I form, with two bolts to each. Thus the buffers are kept 
to the same horizontal level, and the carriages are prevented 
fixiiii pitcliing, wiiilu tlio coimi'cti.'i;; links UL't as ojuplui^ 
cliains,aud the buder rods may serve m traction rods. V olats 
or spiral springs being applied on the buffer rods, Iwth elaitit 
traction and jwiyilaiaB aaa laaoiad, and tha eoapUn( san 
bo oflootod witbo«» gmg bttwtw Hit aami^ If tha 
buffer-heads vara asaared tightly together, so as not to slide 
laterally, eonsMerable flange friction would take place, nn- 
kss llie wli£t-l.i \tcn permitted laicral action; but, as tha 
double eouuectiou uiii peruitt mma hkttiaX movement, tho 
same freedom will exist a* with ordinary eoopling, aitboogh 
tbo pitebing will be prevented. Of tho extant of tho ifitga- 
larily af movioMat bt limi>'«bail tailw^ aa ari i f t aanw 
idea majrbafunned by tlie grindiag ptoaaas on tbebaliw haaihb 
both vertically and laterally, where they come in contaet. 

" Apartfjijiii the general destruction in the running intrba- 
nism of railnay carriages and highway carriages, there is 
another element, — the prevision for langitudinal sfaodtt. 
In tiia aariy, and* in maajr oiiatfa^ mgpm, tha traotiaii jt 
parfaBidlijsaolidbar iillh(«laliallojialdiqg,aad pfo« 
pufaioii «r atappm* ■» p wto id by At atdiwi tf what 
afO aaUsd bnnpart— tbrt k, tha aalid anda of tbo Wwar 

longitti.iiiial tirlv timbers, ur by bloeks of sniid Hood. Now, 
it is evidtittt that a iiuddcu snatch by the ougine at a vntry 
heavy train is very liable to break the conneotion, unices a 
iracttaB-s|iriag bo appUad to aaoh wtgfoa ao aaitiaga af tha 
Uaint tUih by awdaintlag tha jarh^ aavai bwah^gi^ 

tha traction rod elongates wllh tha aation af the spring. 

Tills may answer noU enouj^h for a 8inf;Ie can'iaije ; but it 
is obiriuiM itutt »itU a tram of carriages and tn« 
aistanoe, the spring would baoTaipa— d ,aBd thai 
rod would l>eeoaia rigid, 

** Tlia trno auda^ thinftt% of applying traction-apriagt. it 
to keep the tractioiMod aolid, and not elongated, and so 
apply the springs that each carriage may be, as it were, elao- 
lically strung upon it, «itii jast sjir;!;;: powor ciiou.'h fur its 
own weight acting in aanet duocti'uu. If tiusu tlie vnriuue 
carriages be connected by slightly loose links, each may be 
started iu succession without a jerk on any of them, and with* 
out undue stress on tlie springs. It is a most hnporunt ihiig 
thai aU mgma ahooid bo profidod with ttaatioiHipciapb 
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for otiMrwfte etiomumily heavy trMtka-irooarork ii n- 
quired, and cvcii tklB it b 'Vt^ lialili t* k* kalni^ ar to 
brsAk tii« friutio. 

" The ' bunpen,'' or «oIid blocks of tlio earlier earriagea, 
likviqg bMB kmai tttj amw^iag to pMMPgtn, by tlu fro* 

taebtd to rod* or flw Olld* af wlM abattod on a 

apring, and Uie; tliaa to«ik ^ mhw of ImflWe, a eorniption 

probibly fioni the- \yovd ' rebufT.' But the iiie of the buiftr- 
(prii)g u itiipurtiUit tiol iut»re]y fiti' pa4seiiger<eai'fiag«», but 
for gooda-waggoni alao, to aroid destmelion. If, tor »x- 
amplo, a waggon ba Cnctbly atruck on one eomer while 
ataadin; on » earn, if it Im no buffer-epriog, it will b« 
driven out oftlia aqiMnv andthouiaa beiqgMlaqgiraia 
right angle with iba llna «f tnetion, fho maoliliw wUi be. 
come 3 sledge, and will I'f vi ry lilii-Iv lo run mT llm rails. 
If tlif blow Ue elnick on a sufficieut biitTd-spfiug, the blow 
will liut daiuiiL'« ihi^ wa;;;,"!!!. 

•• ButTL-r-spfiij^ lerve a'-o aji.i'.hw purpose. If an engine 
b« standing on the line n ilh a tang train behind it, and a 
aaaond angina rua iato tbe train, each carriage lias the 
power of eoltapaing, or ahottening, by the driving in of Uie 
baffer-rods, white it famisbee its quota of resistance to the 
shock, and so far reduoes it. Should the enj>ine at the head 
of (111' train rtimain immoTabli-, whiln tlio ciiciu?' huhind 
prea*e» on, lite very atrengtb "f the hutTt^springs wouiU b« 
ao evil ; for although they act Bointtbing like the hands 
wbeo drawing back to aattb m eriekat hdl, jat thay will noi 
nmwo ^iat, tail wili^ if thaj an, iMollfa mw owda or 
odur, aiid will aaok to diaplaoa tlw aarriagaa. They eaunot 
nora aldewajs or downwwda, and theiefbre thoy spring 
upwards iilV thf laib. As one pair oi tiiiiTiirs < over 

the upper edge ul tiie adjoining pair, they are ahot out by 
the spring like the aetMa.of ■ amaoB Ml, tad frequently 
break the l«ga of the paiaaiifaw m thm aoww aaaita. The 
Miti^aa that ■ wi B la— aa ■uthar, and iMdmiiim in a 
hmf. 

**It wvnld be dewrablei, thereibra, that, if possible, bnfiTer- 
rprings .sliuulil havL' uo r.^coil. The large laminated springs 
eommonly it^d, wliou tlit^y get maty between the plates, 
take a eonsiderable extra force to compress them, but they 
are uuplaMaat to fasawgics bj laaaon of thair grating ooise. 
Tba aaaio pMW pnvanta tlttb taeaiUng nry rapidly. 
But thoa(«^|i ia such a oonditioa aia my IkXU to break- 
age. Volato and spiral springs aao now eomnKmly used 
both for buffing and traction, but they liavo tlir dii>ad>\i]i- 
logv of quick action, though economical ojid cuuvuutetil fitr 
arrangenient. 

" Impressed with these disadvantages in ordinary bufier- 
aprings, Mr. Adams devised a iran-recoiling spring. An 
■Ir-taml of tMial waa ]inmdad, and tha istonial end of 
tha boffep-rod waa fermad klo a platon with a length of 

^lri>k<; (■<,Mlvali'lil li> th^ HlVuke of the LulTi.T-ro 1. A tuiiil- 
ber ef Uj;lit springs Icopt the pitton to ttio upper end of tl»e 
biirr<-l ; ;.t the o]>po»ili- end «;u u luilf f.ir lK« entrance and 
exit of air, to wUicii might be appUed a regulating adjust- 
rneot. A violent blow on the buffer would act elastJcally 
«o tha air is tha bami, which wooU ba dnvaa through the 
halo with aMia or laanMaaaa aoaarding ta tha atrengtb of 
IhahkMraidlho^ofthahok Whis diivai homo tha 



piston would not reeoil violently, but would be gently driven 
back by tho action of t!io sprio^n rf^nlaUid by the tiiitranee 
of llie aij". It was fouitd a practical ditficulty u> get • bar- 
rel large enoogh to arrange inside a carriage fnming, and 
the plan was laid aaido ibr tbe time, bot it might be appliod 
externally with adaaalaga, aad moreover it would ba oao of 
the nHMtaficIaittMlkMti^falatkfrbBin that aoaUwall 
be applied. 

"The sprlnj-buffers in commaii use may bo tlirideJ into 
Iviukiuds, tli« luttg laminated pUte-sprinpB an i the npir^i^i 
the former are chiefly used with rod; n ithin the framings; 
tbe Litter are mootly naed externally, tliough occasionally 
applied with rods internally. 

taken ao toferni the huneo that they wfll bear the ataia 

of ti^i^t'on and huffing. If the traction apparatus Ii-' so 
, CDDtriveJ that tho roil is ciiiiliiiuoos, ami ihst the Jjaulage 
on each earriag» l>e only so much as duo to it^ own weight, 
not much caleuiatioo is required. Uut tu beiar the eompre^ 
sion of bnfilng, very great strength is needed, and it is a 
moot point which ia moehaniaal^f tho beat n a t o ri a l. tran 
or tiotbar. It iaqiiita(laairthat,fbr »taMlltitnti,lfaB ia 
the best; but for a thrust, with a given weight of material, 
timber is tbe aUffesi, onless the iron be made tubular, or of 
I some fitnu apprrjuchiiig lo it. Hut tliis is not the whole 
ani^iiiiinttitiit. Timber is apt to warp and twist. It is 
mechanically strongest when wet, and apt to read and split 
when thonrngkl/ dr/. Ina ia apt (a nut, hat timbar ia 
apt lo nt; aiid. If dw imi ha hatataaaallr asalad hi pamt, 
it may be inado *arf daiaUa. If tb« wood be cfaemteally 
treated to prevent rot, (t becomea brittle; if it be hermetically 
seatr l ill paint b-jfore it i; quite dry, the dry rot supervenes, 
and the best modeof treaimc-nt, injeetion with oily or resin- 
ous flaida, rtodcn it difficult to work and of nopleasaot 
odour. Apu»t it ia ytty iliffiouU to prafcnt the tiubaa 
fnmi hcgglogar fewfimOTor thaaappoftaonthaapiuifiy 
a debot to wblah naat woadaa carriage-irawa an lalgaati 
Upon the whole, it appaaro that a proper ooiabinstion of Iron 

and \n>i>ii 111 tlie under-i'raine-s would hu most ndvuntaj;c-ism. 
The principle of luokiug a rivntti'd fr^ne du«» uot mtvm ad- 
visable, for ia ease of a blow wliich destroys its correct form, 
a heavy anwoni of labour in taking tbe whole to pieeea to 
repair, ia raqidiila. 

" It it vaitiv' «f remark that tha aariiost «aRii«»'^naaPMa 
on tha Orawwich Bailway were of Iron, aad that tfta aitaf 
them was abandoned for that cf timW'r, wlilch haa aiMa 
continued on all the southern and must other lini'if. 

*' In regard to waggDu-bodiw, iron duM nut mh-ih a good 
material. If strong enough not to dint with goods or pack- 
ages, it is heavy; and rust where tbe paint is nibbed off, is 
uisohievoaa. Inthtc. aa m other oaaas, tha coah m at ia a of 
iron aad wood ia heat aad atfcngaat. 

" With regard to passcDger-eorriagea, bodice fomted of iron 
rivetted together, if ri.adfi so strooj; as not to collapse in 
a collisiCHi, niav hs very saftj; hut if llipy did rid!ap5.i', and 
wounded passengers were cru4hiMi witiiui ihetu, it \«uuld be 
a fearful process while nnrivetting, to extricate them. 

" It is undoubtedly praciio^ to mako bodies of wood aa 
strong and heavy, and so softly linad, that paaaahgor* nighl 
I htaaaaf»hi^aBiiiacalliaiMtaaia»aattaBhal%pforidad 
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the pkMcngvn b« few ; bot Oil* 1* expcntire, and woald 
|irt«lad« Invelling to the many. Upon the sihioU, it i« de- 
niaUa to uaka the onder^framea raffieieatfy atn^g to bewr 
thttbodi, MdtomlM thtbodiM very "Vif^ht. m Ikatt tiun 
may Iw Intia malMM to inffiet damsgo by sp)int«ra. 

" EipM^ipi! as rai!w»y-i-arriasi^9 arc to best atiJ eold, to 
sun anJ rain, there ia much diHiculty in geiUlig paoolliog 
to with?tanil the vnriitioii'i without cnekiog. Hondurat 
m»]io>j!iny i» the material eommonlv iwcij, but the harry 
with which earriagee are qamlly bvilt, remlera it diiDcttlt to 
iman that tlugr faa «f tin «iaat digna «£ diToaaa i«|wnd. 
Vtar thia NMOB ]MpiiP «Mif kn bw tvM (» foOMMtCDt, 
but thil also hai ii; Jivnilraatagee if wet gvts in at the 
edge*. Arolhtir material in thin corrugated iron, either gal- 
TanizcJ or paintfld, or covered with a thin surfacir vS i;Iiis»; 
it i« fwunct to anewer wcrU, being utroug and light, and 
serving lo etiffen the framing. 

"Apart fran tba f Mtiaa of «Mfiif> •traoloM and tlia 

other, that of Ntatdation. To get a train into motion re- 
qnirts theMpasditimof a eertain anrannt of power to over- 
come the Tie inertia, propoitinrjal U^ ihi? wci;;ht auJ rcs-i^t- 
anee of the tnuo. If thare be no retarding eauaes, this 
amount tl pnw fdi iw rtt M t fft tiia taiii during the 
wbola ram m mndrtmi* nUh • MBpantinl/ amll 
ftra* «mU kMp ip Ika i pi ii. Bai if wnj dnaiiMtHM* 
happens suddenly t« dmic the tfahl, neh ta the engine ' 
getting off the line, SHMiMntiim will expend itself in de- 
struction liy oni) rarria^'o running into anotlier. \V'|ic[i it 
ia rc4|u:ied to eu-p, as at a »tatiuu, atiil cot t4> ]im time, i 
mechaoieal means are resorted to, to impede the free run of | 
the wheels, and bring the train la a ataod. This aif|)it ba 
aaaompUahad by potting tba ttaifin m » itiiag grand ar 
alavatiaB, in wliiah «aaa tha ma— ttaiu woald be expended 
hf tha aetion ot grsTtlatioa fai aaeegdlng, to stop, and the 

sairii? [;ravitati<ui wimbl hv useful to start ilmvn the descent. ' 
But such an arraiip;emc-nt would suppose trains all nearly of 
one length. U'oro a raihTay to be to worked, it would be 
requisite to malie the main line level between tha ataiiaoa 
aadtha tievating sidings going behind the atatioMi plldng 
aaah lUtion as it were in an idaod, nod tha tm aMIigaa 
a BWUia a t eating by a bridge acroaa tha mahi Nna. 

" In theabeeneeof any bucIi arraiigcnient, the usit.-»l piM ' 
of retardation is to apply tho friction of hliM'ks of wood tf» I 
tho periphery of tha wheel? by tDachiuery acteJ on bv liand. 
Some of these breaks are on the tendi«r of the engine, some ' 
aA*liaak-van oontaining luggage behind the engine, and I 
■onaaaabnak-vanatthabaakaf thatnin. Formerly, it 
«aathaaaaiamtaappljrtbabrataita<rab4laa(earriageaonly, | 
laoamt al tiMir greater weight; a« tho action of tbn bre.iks, | 
in most eaasa, varice with the ioail on tlio wIinIs ; aad the 
eeoond-elass, dejicniiing on the nunibtr of p:i$>engera who 
happen to be in the oarriage, is a more varying load. Sub- 
aaquently, the breaks ware applied to seeond-elass of larger 
aiai^ and nitunatdy t» bNak-Tan% wUdh aaold ba nmda 
wtiMalfy hiM7 ifMqiiifaad. 

" If « liain could be stopped suddenly frcm a great speed, 
it wanU, of course, fly to pieces, as it do«« wbcu tha engine 
gets off the rails; but it is a dosirahlo thing to stop as 
qukklj as possible wilbout damage. TIm bast p]a4w (a apfl/ | 



the retarding power is the laat carriage, beeaase U holds tlia 
train badt as aa Irialuiian doaa a pif— bj tha tail, and pra> 
Ttata ma aamngt otar-ranstag anathir. But ana tairi^ 
aaaU i» hUk ta atop t&a «agiaa> baing a proportiai af Ciair 
ta flvB tona tammga to thirtf «p forty, engine and tender. 
T?ie bost way to tir.p quirity is to apply breaV.i tn every 
Vfliiirl*!. .lupposii;^' a very heavy train ; but this v»oiiId in- 
volve a guard to every vcbii'V, aii:l tlierefor« iiiauy proposi- 
tions have been made to make breaks self-acting ; that is, 
the momentum of the train, when tba angina alatka, wiii^ 
a anlla p as at the baaMada,,and m amwiyandiDg awf a B t 
of the break-bloek*. 

" Hut there is a aerions defect in the whole system of 
breaks ai apjilicJ to th« wheels. In the ordinary mode of 
breaks suspended by haojers from tlic carri.i;;c-frame, 
when the breaks are applied the aciiunof the springs is 
stopped, and there is some eti4nee <tf the wheels getting off 
tha ntik. In tba other mode^ of what an caUad aiidiiy 
lirwita, ntnoad bar it aflitd ta tha t«» idibnaeanaMh 
side ; along these bars slide the break-Uaaka, pot hi aiation 
by the machinery. As the proaaure eontinue* the wheds 
are jriippi'd. imd tlio bcariii!;^ are, in theproccss, forced partly 
out of the braises. When the wbeelt a^o stoppi^d thoy k-e- 
oome a kind afaiadgsb acting against the rails upon a very 
mil sur&oa, and abtading (httn. bnakiag tho ohatiBt Mid 
iaiahig tha joinia apartt triiila tha pafifMaa of lha lAaila 
thsmadfaa a«a gnMUul into iat anrbaea^ baiawiqg ia nmn- 
b«r with the nnmber of the atoppagea. All breala aeUng 
only on the wheels produce moro or leS:" <if thlft rui-^chit^i* ; 
and it haa beou publicly stated that the maaaX cost of re- 
placing tlie tires only on a bnak-van in constant use is np- 
waida af twenty-two paand% viUMiit reckoning bnak- 
jihiita ani athw yaiflaiia af iiit waahiBrrf 

"Tha remedy for tUa «*il ia aat difficult to ba Aond. 
Wliat fa required ia, to «Mvart tlia carriage or van into a 
sleili;i> tiearinL- on the- rail.^. and the Bureat moJo of doing this 
IS to make the shceis the sledge-ntnncrs. Fricliuu uu the 
roils, and not on tho wheels, is required ; and although it 
is true thM the amoont of friction in aa the weight, witbaot 
regard to tha sarbee gmta^, H data not hold good in this 
iaalaaaa. A btond baariqg aiHaaa ia bsttar than tba aa^ 
mw, in thb iastaaeci, by naaon of tlia dirt and aand. l%ara- 

fore, the elcd^e-brcat, inilcprinlent of tho whi-e].", ;.•< better 
than tbo whi el-break ; an<l tlio i;rcater the surface the better. 

'" Several kinds of sledge-breaVa have been propu.^oi), and 
some tried, similar to the drag-ehoes of the highway. This 
kind is objectionable, by reason of the jerk in putting on." 
Mr. Adann^ daiiiga ^ifaaa tha aiaat liaiibia, and will ba 
aftamafila datavibad. 

" ITav iii;,' Clime to the eonolaaion that long and wide car- 
riages, upon ei^ht wheels, laterally movable, and with rery 
flexible "[iriiii^, are thu most Jesirablo both for the convey- 
ance 0^ pasiteDgiirs aaii ut goods, the writ«r proposes to di»- 
Guss the question of inside Ctlings with reference to that 
bm. Tan Citt would be the dsaiiaUa width lar tba nav> 
low. twaltabr tha broad gauge, and the only ebjeetion ean 
bo in the want of apace. If the railnrays have been set oat 
too narrow for the most efficient stock as regards economy 
of stowage and free ruuning, their owners must be ooatsnt 

with what they can get : 9 feet, or 8 feet 6 inchea. 
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" If w« tatke one uf roDiitiniieit artitUs caiTie-il on rail- 
wajr«— eoftl, it must be quite clear that it is e^sriitial fur It 
to b« carritcl oo elMlie apriuga, at l«Mt for do»i<i*ii« utu, for 
it is vtry like\y to be poWerized in rough waggon*, and, aa 
radidaUfiomtioii aiigiitthiia b* iadHad m tlu«luikln4|ht 
wvM Mnw In, fcr it w not wImI ii pat into tko mggm at 
the colliery, Imi nliat i» available on ila arrival at thr point 
of coniumfitiiiii. iliui m tlu? ijiK^HioD at iisue, and it were 
better to briii:; a siiiallor viai;i:on-Ioad on good «prir.|j's tlial 
<UliT«red it undamaged, tli«u a larger load of which a purtioii 
VM matod. And there i* an infallible rule, that the aame 
ftanm tbst dtau^w tlio load dam^gaa tho nod aha. 

» In iU MTMiM «r wageoii^ it ta diMir diiiriUt thrt 
■II, witii tlio'atMptioB of timber waggona, ahoald be eoTered 
tmu the wet. A» a matter of darabtttty of the waggon il- 
•I'lf, kecpiii;,' out wet it a maltct of iiriinary importance, fur 
the covuri'd -^a-^gou will last at leaat twice aa long aa the 
uncovered. In carrying coal, tlie aoakag* of water ffom 
imia adda ooMidanUj to tba might. In «aRyiiig«oi(«i tho 
iMo oljMlMB OMan, wMt dM additian ilut H likM nuk 
longer tftdiy« ud mt eokt, oipofMly fw n k«iMli«o «d- 
gioc, ia th* DMOt waitoRil of all foet Qaick-limo woaM Iw 
«poilc(t In ail !i|irii wag^tiii ; auJ Pior.V coriiinoii brick will 
toak up nimly a pint of wat«r. XXus, a waggon of hsmka 
nij;ht carry upwards of two tons of oaeleas load. Sand, 
oindan, ^e., ai« ioada «f aiinilar kind. For go«ds of more 
nlv* tho adraatago of eorarad waggooa mut bo obvioua, 
^!idaati»aa««llaainti and tfcadi«fiiiag daUjr of tons of 
mi lua lomhor rury man ram np a aoat that wald pay for 
corering the waggons. 

" The proportion between the weight* of the wa5<:otis mul 
the load actually borne a* paying weight, U \et hr from 
hoiog ndaaod to tho maaiaiom «f ooosomy. It is prolMUa 
tiMfftlwinigBOH WHO tonghtdMRi tosomethkf awr 
ikaoiMa pniMrtioii aa md «ag|oa% and all oatnaaona 
bada, neh aa rnln «atar, vofo avoldod, and tho wa^gona 
foil stoweJ, SB 5bi|j3 cijiiimiiiily are, tbe saving- of cute in 
the year's haulage of gooJa would b« ucartr 3 IiuU tbaii a 
third. 

" la tho conatraotiaB of tho iatcnal parts of railway-oai- 
ri^MtthananaBaajpaitalalaaaaaMit. Vtai^tbapHilMn 
afthoaeat•^-< 

" P atai g wa a»yho diTidod into tug MnJa—tha iHhUd 

and the gregarious— thoM who like to think, and those who 
like to talk; or, potting it in uiioilicr way, those who like 
themMlves, anJ tboso wbo like their neighbours. Tho 
isolated are probably not above ou«-«ix.th of tlie whole, aud 
occasionally a first-clasa tnveUer, disaatiafied with luO wm 
aooietj, will gi*, into a aocend-alaM^ not to ho alnUh 

«IIia UtatpabHapaMngarlilMHtaiBdNKr, in wUth 
ho la atpantod fiooi othon, eithar faaa or ladt to tho 
oDgine. But he occasionally pays a penalty for thto, by a 
Iciti^^itudiiiai eliock, which drives him into his nei<;Iibour'a 
faev, or lits ueigbboor into bi4« t« tlie quelling of a uosa or 
the lose of some tooth. And the more roomy the body the 
SMwaoiiiduovoaaia tho malt, Tho aooaaiil^iaMhodjr, with 
laiaapaMbpaqtalailapMMgDgimiridilMaaaiMalaB. Bm 
■av lU ia a Batlaraf taltdatloa %phHt hiataaMMiee. 

hatathalr OMwainaaiNaMjasftaDd antraaoi^ thiy an 



I far from tlic iiafi^st mods of sitting. The oiuuibua mode of 
fitting ei'Jenays, or shonlder to sboolder, is much safer. 
.Scatu mi^it be provided with elbows in that mode as well 
&9 ill the other, and the chief objection would be its iot«> 
fsriag with tho «iaw fnm tho wiadowat hatt br aickl- 
tnTillhig', tho aido aiata weald ho tho laflMt. Aot of ft»^ 

liaiiient lia.5 assi^neJ BixtetMi iijcheaa* tho widtli rerjui.-'Itt* 
for an avt'r,-i£;D omnibus or sta^e-coach passeugor. Four 
j ftiol throe inches id four fret aix inclicn in tliv «jwcr acc^nled 
by railway aatbonties for secoad-dass railway todies, with 
the passengers fac« to faoo. Therefore, a c*rriage mcaauriug 
aiaa iMt aia inoboa ia width, woald adnit fiiar lowa of 
haailNa iMfitndiaally. Ifaa aaaaMiia «f a naa^ tM^ 
avaiagiqg to the kneeo about two foot, thus leave* about 
nine iaehea space. If the longitudinal measnrement of a 
double carrra^'ii wcro niado 14 fed, it would carry, on fuur 
ioogitudinai benebeoi, IZh pwsenger*. But, suppooiog the 
doors to be at the side*, a* asnal, the beoebe* moat be mada 
UUiag on tho dootw^i^ whioh in* olvo a alight iB> 

preferred standing. The AmoricMu, who as* railway-^r* 
riages upward* of forty feet in length, dispense witli sido 
doors, and provide only a kind uf gallery jilatfurni (or 
entrance at either end. Hut tliev cwy fow paa«(.-agers in 
pfojwrtion to their space. 
" 11^ iaatoad of kingitudiaal benchoib tba aiaia wata aa. 

carriage wouM oafry IdO pMa^gpta; bat thoy would ba«a 
only a space of 4 ftot 8 tndita botwaoa tho opposite paa- 

scn;,'rr5, instead of 4 feet !) inches. 

" III rsferring to llm ,\mcric3n carriages, commonly called 
bogey carriages on eiulit n heel^, it may bo as well to explain 
thoir ooattniction. The Americsns, at the outset of their 
laUw^pak wan wis* enough to reflect, that if railway* did 
not com* to and thraai^ thair oitiaik tba oiliaa waald altip 
mately have to go to thoflk Far thla laaam, to rana tho 
1 tale, Mr. Robert Stcphenaon, the En<;Tifih enp'neer, who 
built tln'ir first loc^niotivu, waa instructed «o t<> arrange it 
that it would go round street corners, Consei^uently, 
the engine was made two-wheeled, mi a small truck on 
four low wkada aupportod the front end, being swiirellad 
to U Irf aatMaapo, or what tho higfaiead foopio oaU a 
pm hh elt. TMaUDdoflmdcilaMHmtBniaByptaMaaaa 
lorry, a trolly, and many other name*, waa, it appears, 
called in Newcaatle a bogey, and the engine was therefore 
nblpjH'd !u u bogey tugino. It bocaine the patlfrii or typ* 

Ifoi- AmericM locomoliVeo. In the constroelion of the caiw 
riageo, fill^, aad eecasioaally sixty feet in length, the saaia 
ptiaoipla wia tiafl f ted tO!, oal/ aatag two hcfoya or fea^ 
whadttaAob inatMMlaf ana, and awhndlad wni^at ^ 
oitrMBitisa. Thoa thta* oairi^aa ara aada la fiM noad 
th* eoraora of wide strseta and through tho towna. At fleet 
it was the piactio* to take off tho lucDmotive, and draw th» 
train through the town* by horses; then the locomotive 
waa allowed to tako it aloirijr t ^*» • (elf-acting bell was 
mado Cw tho leoanioti*a la riag, and poiatod ovor it, ' Lsok 

Iaat ftr Iha iaiOB atiia wbwt tho hall lingh* nwlaaomatira 
then shdMnahapaaib tlnwaanB aid aUMfaniaaoataf 
th*w^or«]wniiii,aadiliati^ faaNH Aad,iBUaai, 
Ihm ia Im af lUt tfcaa liwa a aaate ol aaiaihaaa fMB' 
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isg, for with the omnibnsea th«r« to the rlok o( uii<-eruin 
yrtlm, had drivii^ ud wiUiil konwt wbrnaa the tnin i* 
MoiBid to(h>nil% iim ^AUk nmj mtkum Iww to 

*'^^5«t, althoti^ »pp«r»ntly well f K«i M d«d wfdieDm*, 

those ' bo^cy carnasjes" are, in reality, ven- ticavy of 
draught, ami specially on ciirvcs. Ail the eviU Loforo 
de*eribed, m pertainin;^ to ihi? system of nhoeN, uro nuilii- 
plied by the ehortnoea and tin«t«adin«i8 of tli« four-wheel 
truck. Ou eurrea, the leading truck has the tendency to get 
ha «Im ndisiing in the tmng Hmtkn, {Mqg U Uw 
«bHt«Ur «f % (ledge. Again, In CMt of colliiMa, Ite vfftt 
fi-anii> \i a{it to be driren olT tlio tracks, and there it no 
efficient 5iiriii|; iirrangtW'tu tti'xi- nflt shockt, while the 
fraitii-, Ijt^ini; unsteadily snppoite.l on the trucks. 1ut< 
uncomfortable rolling motion. Wiiat with tiis b»tl coii' 
atfttCtiM of the carriages, and the usoally slight and inferior 
•liMMlar *t {k» inadi, h wmM iMm iht/L tba Aunieana 
fittliwkai iiiMll«ii«f tlw MMmplioB af K^vaaqantity 
of fad, iiitiiBali^of|aaiaiigBn«rKMdibUian «a do ia 
England, to aat agalatt wdfdi tti«j profem to have less 
to pay for interest of money. Tiiit, on the whole, there is 
no doubt that a railway, like a mai-Hf^cl iry. niih ««Qi. 
eient work to do, will pay beet with tho ii--:'t tools. By 
tha AmariaiB OMMie of •tnMtiur% h woold b* diffiealt to 
MMtmt tta aarriagea in two part% aa ana and mnld ta 
bMVier than the other when separated. And to conttraat 
aaali tery hug carriage* in single frames, would be objection- 
able in many ways. 

" In using wide carriage* opctt tliruughoat, thvra ia the 
odvanta^ that the guards may traverse the whole length 
of tho trua inside— an iaiportaiit natter in case of aocidenta 
ta tlw anehiaai^, and alto in caaa of sudden illoe** to pas- 
•Mgaia, «t fiobaMb qnarroUing. And tUa modo woald 
■Ard t1»* MIHjr of iacloeing sepant* cabin Ibr ladiia, 
indmdiiala, or partial^ aa in alnam-iawah an lifaia ar at 
aeo. 

There is ytt atiulher consideration. For hiiif; journeys 
it it esaential to aroid stoppages ; yet it it easeatial to 
obtain refrtibaiant. To devour refreahmcnt hurriedly, as 
ia now don* at atapfing atatioiia, ia not to bo Mftaahad, but 
lo ba mada HL A fiaa paiaaga thnvgh tlia indn wobM 

foeilitstc* M this. 

"At rt^;u'd9 tlio upholltorf amngements, it would be a 
grtat advautage to n,:^k'■^ them a.'.] iiiL>v:iiih'. 'i'iie ordinary 
aMxlo of trimming wiUt cluik iiuU aiiJ other similar 
aubetaocea, iurolTe* a large crop of moths, and U moreover 
a Ntipitnt fcr naiianoo from tbo btoatha of oloieljr obnt sp 
in aaaa g a w ^ vUdi itnat aaii^ fot ridat Nammr, tfeia 
aaataandilaft^irvldahan^gnaaUainlliairintaran u»- 
oomlbTtaUo in tha and olMaarM. The lailway 

carria:,'*) in its 9tructi.i>» shuuM b« reganled as an unfurnished 
a^jkiiuiUil, auJ I 1m furukiur«»UuuiJ ito separate, and put in 
as required. 

" TIm windowa an nada for ventilation as well as 
light, and it la impottaat to bo able to open them mor« or 
baa at fltaaaNbaaira da tha windowa of banaaa. Thaaam* 
mott plan baabaan to poll than np and down by mean* of 

attrap runnio;; over a ro'lor ; but of lalo tho practice of cjiiii- 
lorbaiaasing them, like house windows, it on the increase. 



lucBnmiT. 

In all cMeaitlialikaprtomflBtoehii^anaeeaDBtorito 

dotabili^. 

** Bat witk Nfaid to riting and blling windMiab thtjlli Ia 
ana vaij Imporlaiil cooaidantion. PMpM tiitaa fnx 
abont tho admitriofl of air when that air oomaa !n tha Ibim 

of a (lrati!;ht. Fortius rtTison eti«(i>m i^ivcs thu rii:itroI of 
tlie wir.rlo'.v to the person (>xpo?.?ii to tlie ilraiifjiit. In 
loiiii; carria^'i';! njn'ii all tlirniiu'll, it i« a (friouj evil if ono 
person at the front part of the eai ria^* persistji in op^uinj 
a window that expoeea all tiie other pas^ougers to cotdt 
and jrot ha hinMcU naj ba aafllMatiiig. Iha troa ot^fiet 
thaiMiMa to aim at ia, la pneara alomlt vtntilatioA witb* 
out any draaght. 

"If, aloni; the eent-re of the roof of each «arrt«i»e lon<^ta- 
ilinally <i lar^o trough be fixed, with Iho fi'ont. and back 
otpvn, the .air vtM ru*h tlirouLrh it with .a rapidily prupor- 
ticncd t'^ tl:9 speed of the tram. Into this trough, then, 

Htbar* abottld b* optniog* atooj; tha roof of tba oaitia^ ta 
eoaar wMh'alidhig paaala at plaaaarai Thaa fha hialad 
air wonld aaetad Inta tho tnqg;1>t ntd ba oaniad off by the 
longitudinal eorrent. ThI* would be femd ampl* for the 

purjiosc! of veiitilatioii, though not for the purpoaea of coil- 
. n««« Id liot wraiim. ^(idriiooal opetiingt should be pro- 
, vided in the enda of the carria^, at a lower level, to acoomo 
pliah thia. Aa pariaat a rmnlt might thaa bo attaiaed aa 
with tha vmlllatien \j wMmOa ■» aia. 
"Tha laat paint ia tha wanafay tanvagr paw ingir aia 
' riages In thawiatar. On the Oanttntnt this la partly aeegm- 
plifhed by sheet iron ca^es, fill^-I with warm water, b«>- 
. iicaU) the feet. In the Uoited Sules ^ stove is used, with 
i a fonnel, as on shipboani. Fur large carriages, probably 
, the best arrangement would be a water stoffl^ with a eif*o> 
lation of hot water below the seats, or an ardiaaiy aleraaf 
fiabriah, with a Niamey (or baraiaf ook*> 

Jkmurmumom^*' 1. 8a«h t*a0h and brandth of eai^ 
riages and waggons should l>'i entpl -ved as will, by a 
proper disposition of the centre of j^rivily, maintain con- 
^ stant aleadinest wiiile nnming. 

"S. Such a me< !ianir;il arnagement of Uw wheels and 

I atlra, a* to permit till ui f mpanwlliln mofaniint an Ilia 

irv^gnlar paitiaD* of tb* raad. 

"S. Snah an amniganant of tho ailaboiaa, ar aiain ra- 
Tolving amfiiaaa, as to insure a frco lubrication. 

" 4. That tha wbeek be eonstrocted with solid rentree ; 

that is, with^Xlt iip<!tl to [Tevr-lit aliv Ini:«^'lL:i'V-iil^ 

fanning action Hiivm^ to raiso tium. and Ut let^i^J uiorc- 
menl ; thai the metal in the wheel tiros should be In a state 
o( raat, aad not of taaaion. and that tba axla* ahonld not bo 
aspoaad ta a tantm iUain. 

5. Tliat tha bmriag springs thoald ba pariaal^ alntia 
and flexible, with ona tn every wheel af an aj | |bt-wha d «ai^ 
riage, ao tliat no single spring can ba mdllx laadadi aa la 
the case with four-wheel carriages. 

" 6. That all carriages and wiggona thould b* provided 
with efficient traation-aprii^ tha apringa taking no other 
strain than the wa(^ ^ thrlr own eaniaga. 

7. That baflbp^ringa abould be made ne»«MaiUiig, j*b 
with a«lt>a«UBg urangemeitt to prcpora far anothar dioeb. 

" 8, That tho framin^'-^of la;! lv.ay-car^i^l;l■.^, to prenervo 
j| from and withstand ahoeits, should be mada of compound . 
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timW aod iron, boktd, Mt siwtHwl lagtdMliin& ftview 
to eMf r«p«in. 

9. - Tint BMlillfo pmb w mM* iMmU* linn 

timber. 

10. "Tint breaks should be made, if pottibI^ aetf-Miing, 
aid l» Mton Um nib Ii7 nMUag tk» cvnap into • dadgs, 
witlMwt dumgiBg tlw «lu(li. 

11. "That it is desirable to make all 
na^ps roTsrsd, to keep out wet and fire. 

1-2. "TliatdnM|8wa»ah«ddtoMadtMll|^MilM«gth 
will psrmit. 



13. "Tlnlaid»«HtolKwnfa«»wabrMiinr«0| 

gtn, than finnt or tiaek t» fhs mgtm. 

H. *'T1ut ttui b<'^'t C'.iiisUuctni ItHicliinefJ fa MlDy tlw 

elieapeit in railwaj* as io manufactorie*. 

15. "TlMitit{«4ei{idletobmaUtto«f]NU«i7m»k 
monbl*. 

16. *'Iliit WBtiktIn iHuM U fahnui tgr A* not 
with A Omkuoi^ MRWt, bdiftodiu flf th* ( 

iom. * 

17. "T)i.\t warniL.if; iIil- <-arria;:es should bo 
i either • watei^stoTe or a 6re-brick atinra." 



SECTION IL-ANAIOMY OF THE CAIUEIYING-8T0CK. 



CH.\PTF>U T. 
CuasinaATiov or (jAaiiiAaBs Axp Waooos^. 

Trb earriasMrtMik eeai|KtiM an vaUdat eonatmai In the 

conreyance of pasMDgers and their lu;;gage, and of |irlv:i'-f 
carria;^s and horses, the T«hiel«s to earry the latter biiing 
ittiuallv Attached to, sad nuiaa|iHt of, the passenger. train, in 
wfaieb their tmmm an w i w aya J . TIm «aiiiag»«(g«|[ may 
Iw aOanriaa iiMl|nitid aa th* ** [laaiangat ttala aUuk." 

The waggon-slo«k eompritaa IIm vahleUa anployed in Uie 
conTcvanirc of goods or mer«haiidifle^ aa diatinet from pas- 
sengers and their lugga^^. This lieA Wtf ta athaiBia* do- 
•igmMd aa tlie " goods-train stock.* 

Tba wT^ing-stock may, of oouree, be as inaiiaaa aa the 
pai|iaMa Ibr whicb it ba dai^gaad. Tha oioil IdiiJa 
am at IblW;— 

FsSMnger-trsin stock : — 

Fir*t-«Uie curingt. 

Srcond-clau esrna£c. 

Tlurd-elus earrisfs. 

CoiupMile, 

Lii2j(Sge-*aD. 



iwsmton. 
0f«lh«iws(p!aii. 

Bi^-sMad iwad-sed mttgm. 

Cattle wtigaa. 
Slieeji vsgjon. 

C iVl- uii.;goii. 
I'rjkL'.Miii (ir wsjijou. 

Coinpos:tf !';irri i.;!'", rus llic!r narnc [uipiies, combine otmt- 
partmeiit.'; nf JitTci-i n". ('li-=ses in uut! earriage, usually first 
and alcond elaaa. Composites oMaaiooali/ aombiiM»aaeond 
«r tbiid'tliai, aod • laggago compaitaiBt nitli On funini 
brake. Faartii daia cairiagat aia atilt in «m on aMM 
lines. 



Besides th« rarietiea of goods-waggon, abovMMBedt oUxra 
are «pe«iaUy deaigiMd for apwial tnfii^ aa gvqwvdir, aal^ 
and lime-mggnaa. BillaitHH^gaBa an aba aiadib bat Ibaj 

are not |iHi|i«riy gaada waggima; tbey are private «to«k. 

Paitntffer-Trah Bltek. Ogrriaytf. — The classification of 
parri,'i:;"H 'n li.". L'li'id to meet the various rei[uiroiiiciils of 
tile UactiUug public; — some preferring &ccau!ii:in,ca!e, luxury, 
high speed ; others preferring society, if tolerable, and eco- 
nomy, with modarate oemCart and modarala fpatdt- «tb«f% 
ecoiMmy Hmplv, imapaetin af attar aanidaratieiM. 7«r 
tlie sake of uniformity extaniallf, and in mtuj of tba da> 
tails, carriages are usually made of the Bdtm* external length, 
widtli. and height . mil .'>uil iK^yartanged in the interior. Tin- 
underfrannes miy tiius b« identical in their construetion 
and their mounting; and a uniformity of working and < 
ing piria ia tlna aaennd, jpNOiotiiic asaoMijaf I 

Gtoii-nid» Atalj—Tha migfoa-atacfc abavid ha aa 
uniform as possible ; uniformity of waggons is mors im- 
portant than that of carriages, aa their total number and cost 
are much greater, and th<j sujicrvisluti a-lli wliich ilu v arr 
favoured is lesa minuta: btisiiitii, tlt« «o«t of mamtvitiujce is 
less than where wunj kinds of waggons exist on tite same 
line. Bat, vhatatar nay ha the nfpar iparlra> tha aadnw 
framaaoftlawhabtniggoiMtatk, likadlaaaaflbaeaRl^gaai 
shou' I l"! t-'utirely uniform. 

Wa;;:;i>n3t are of two general classes: — first, fortheconTey- 
Micit ui [ucl>eJ or lifa|i<'il f;i<i>J»; and, secondly, for eonrey- 
ing lire goods, aa cattle and siieep, in which ventilation and 
llaanTiwaa nWtba apiaially prurided for. Of tlM drst cl .IV, 
there may be many varlatiia, hat then an two hinds of 
very general utility: llie eevend mg^a, Ibr fine goods, 
ant! i,! ni'ra]lv' all goods roqulrinj care and protcclicn; and 
the optu has waggon, for luugb goada, aa miatrai^, Leiry 
castings, rails, which may bo «xpaaed without injury, and 
may be carried in leas costly and lighter waggons. On 
linea which deal extensively with particular kinds of | 
as the Great Northern, with ita aaal traib, tbe 
are specifically adapted tft dia miA ; aild laaay 
may thus ba (mated to aai 
of working. 
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OOAPIBE II. 

TnB UR<i«rrram» ia the fuur. lati ni i>i Uio vohick, w Oia 
frame ia that of the loconiolivr ; it should be aimple, 
dmUa. ud etmg, to b»«a»ty ngvni, to b* mmij mtinr- 
taiiNd, and to cwrr tha load and ttmtt aanw u afcMM, withrat 
injury or alteration rf H rin. T!ic altcralioM of form to which 
nnderfniTsies are most iisllr, an-, lin^'!;in!T, or drooping at the 
end*, ris.uijat tli'j tnidilli' lik^> lUf hack (if a hag; and going out 
of *qaar«, horicoutally, ao that the frame ceaaes to (mt rv^i- 
angular. Both of theae aifectiana an tojnrioD*, tin- fu*t, 
oliir f!i lM'<-at!?e it atraina the bodr, or upp«r work*, U waeuia^ 
tl;e jdiiits. !-| littitf? tliif pmfh, and jamming the doont tlM 
pcc'in'!. l>rcau^«' it al"-! ptraino tlit* bo-iv. anJ, tic^Kicn. ilr- 
rwigtss the wheels anJ axlca, causirji' imjulnr tnovi'inrnl.- 
on the rails. Ilogginz is jiurtiii'ly cniisrd liy tin; iVinu- 
beuig nnequiUjr. rapporttti by the »priugs: as, for estampb, 
«b«B tb* CtStiaa of the axles are too near, learing the ends 
imifcinitly aapforted ; the tenaion-pUte, that has been 
maab in rvgaa, inmaaiw the bogging action. Hogging i* par- 
tially checked by placing the btartof tli« side-suli ;< upp^rmoat, 
and by placing the wbee!-e«Dtre* sufficiently ap«rt , at a little 
0T»r half Uie whole length of the onderframea. It may, 
indatd, bo oatirely pnvtntad bjr atiieniDg the frame with 
inn |jM«% «r ofbitwlM trilk tMMK 

IbokoiiiiiatalteiiigHBntaf tha Amm ia prsTented by 
jaultaUaaaaefdlagoaaIttaiben,aadatnii nnionof the parts. 

It is now generally agrs-ed that evi ry railHay carriage 
and waggon should have buSug uid driiw-tijiiriDgs ; M the 
daiabflity of the vehiciv is thus very much increased, as 
ateipaiod with a rabklo wilbout apnagii and tbo nliinate 
aaoDOBj ia gnaiUr. 

OHiiqf»Miil«i% ia lUaaamrtqr* hwa Ulaa very mach 
nto en* atyts and aoanlliajr of antefranw Ibr pAssrnger- 
curria:.-<'s nii l.lic i frr' Si li'.rli gauge, typific'l i;i Brown, 
Mar*li.;ll, !UiJ (j<».'*c«ria»M, Plates XXXIX. and XL. In 
ihfif tli'< frame isl7feel II inches long, or 1 inch shorter than 
tbo bodjTi and 9 foot S inofaaa wida oalaidi^ gifiag 6 foot 
4ia<haBaaBtfiBaf jainala; aidMandmdall iaAaadofp 
If 4iB«lNatlikli,tiP0BHddiatiin80Bi8 II inches by 3 inches, 
initmodiata traaaoiM 9 roehes by tt incheo, diagonals 
4 inches by 3 inches, sinl craiilo liotwEcn the two tniddir traii- 
wamt to carry the buffing-s|>riug«, with csutrai-stfuts 4' iuclttrs 
hy S iii'sho* from the middle transoms to the end-bars. 
Tb« iiamo ia bound tnaavnad/ wilb f indi roaad ti^Toda 
and atnpMla to aaafa aiiddla tiauam, a attsp-bolt Co aadi 
end of the intaiBMdialo tiaoMma, ao^l nruu.:1tt-iron kne«s 
or knee-plates at the cstreme corners, juiniru' ihe side and 
etiil-juli-'*. Furili^r, thp (ii.-»i;r>aals and struts arf brjuiid t^ 
the middle tranaoma with wrought-iron plates applied below, 
suitably branefaad» aid with bolts and nuts : iho struts ar» 
boaad ia tba aim mgr to tba ond-baaiaa. Tb* Iniflar- 
8|Hrin|tt, «Uab am alwtlwdKiM|iriaga,af« t«o h namber. 
laminated, soffidently long to span the buffer-rods, and 
placed together in the central comportment of the nndcr- 
frariKi. Tiicy arc fotiluiod to tin- craiilt^ by b3r-;rn:i :;uidcs, 

between which tb« sbacklsa are free to slide ; and the ands 
biarivM aaatdm aboia aattand to Aa Mida af Ilia Valtit. 



I nda. TIm bnAp^ioda woik tlim^ wnUiiao alidaa balto< 

to Ihe end bars, and have 18 inchea of wtiaa. Tba diasv- 
I rods are pinned to the apring-ahacklea. and an finiabad with 
I' l^ofjIkS 1:11 tlio outride, wlitro thi'V riru rirrii-l by cast-iron 
platee bolted on tbo end bar*. Iti lUi- ■-Uat intrrvsU between 
the transoms, the axlcgoards are Mled to the insides of tlio 
aido-Mlaa, vitiah bsTa, or oagbt to Imtb, waahar-plaica w 
tba ontoidaa, agalnat wbieib tiia nato nay ba firaily aoiami 
up. Washer-plates should olao b« placed oolaidl^ §tt tlw 
nuts of the transTorse tie-rods and strap- bolts, 
i The objections t>/ tiiis .-y^ti'-n <if iirdorlVanif: are, that there 
j are too many pieces in it; there are luauy Et-paratp ('•irgings, 
I which are expensire, and are not likely to be so ciEcicnt as 

IhwarandmoradiiaetaitochnwatowoaMbo; tbodiaw-iodia 
not oontioaou^and tba ttaetiaa-atrain la tiansmitlad tlwaqgb 
the springs and thrown entirely ii[ion the frame, so that the 
framing of erery carriage mast be mals strong enough to 
pull after it the heaviest trair. tlj.il nmy c»er b« required. 
These objections have been partially met by Mr. Williams, 
who links together the sitackles of tbs two draw-springs, thus 
raakiog the diwr-nd aoatisuow, and nUa*iq( tba fiaiaa of 
all aatra tiaal&a-atiria aibeva «faal ta aanani; for llw 
traction of the carriage to whtdl tt batmgli lia tina l a iafwa 
the springs for buffing alone. 

To resist the hogging action upun the underframe. 
Williams applin a flat bar of wionght iron to each side- 
sola, as exempliSfld in tba bone-box, Plate X LI ., 8} i nches by 
i or ir inch thick, aa( in tlw middii^ witlt tba anda iadin- 
ing upwards, and lot flush into tbo ttmbir and actawod to 
it. These bsir^ an- i iTict:vi'. Imt iIha- cut info thi: wjni!. 
and are not available for giving )>#iuings to lite Imlu aiiii 
I nuts for the guardFiioaa and tie-rods. Separate forgings 
an N^nirad for tliiaai aAaiaaa it would bo wall to take ad« 
Tiatiga af ihtiMMag platoa ftr tba poipow. 

WaodiMhiftBnaa have been otlierwise BtifeaedbjtmlMt 
rods from the middle to the ends; also, by timbar alrala 
applied below. 

The carriaga-underframc* uf thv Gr^'at Westtfu Railway, 
iUustratod bj Plates XXXI.— XXXVI., an entirely of 
wfDBgbt ifon, IB plataa, and aogle-iron rivattod t^gatliar. 

Tba nndailiWMa of waggoaa are wiaaaly daai|^. 
Tho*e of Henson'a inggana, Plataa XUllw— XLVII.. are 
favourable specimens of wfiat aia in eommoo use. The fr»ma 
' is \vj!1 Loiind; the I'-n.-iiiidinal lie-rods are in ibrivi pa'-o, 
[ so as to turn to accoiut thi> stiffness of all the parts of the 
trausvrrse framing, under tlie action of the dmw-ban* The 
dnta-boM ttt not aentinaoiM, aod aacb an^ggpa in a tiain 
naat baanbnittad to ibaMtiiaatniB 4aa to tbatnetloB of 
all the waggons which follow it. 

The cond itions of a strong, simple, and du rable underframe, 
arc, that it sli(/ul:i bo simple in its arriiiji'iiieiit, few in its 
parts, direct in its connections, and cuiiipltit^Iy dofcnded by 
springs. The author believes he has to some extent been 
aueeaasful in conforming to tbaM conditioBa ia tbo dai^gnaf 
thoctrriages prepared by him Csr the Great Mbrtb of Saoibnd 
Rtilway, of which tlie underfrani-:- is tlio vii in Plato XLII. 
The fratne is 17 feet II inchcH b.ri;-, a;iil C, feel 11 inclics 
wide on the side aules, eivin;; a h'r:;lh bef.vr eii ceiilrcs of 

joamala, of 6 feet 8 inches. These are the ustui siJea, a, 
I II iBdiM hj 3| iBdua thiaki tha aada, II intha bj 
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\ \vir\)vs; till' iiiiiMtd tranaoms, e, 11 iucUes hy '6 inciias ; 
till) itUvriiu' lir-.'.o traii^MMn. /{, 9 inches by 3 iDclio*; •nd 
tii« tli«goti»U, », » inchei by Si iiichaa. Tbo lid* «ole» art 
plated on the outside with »he«t iron. No. 9 wirc-gaug*. for 
thait whale laogth and lUptfa, Miemd obi 1i>m phtM 
an AntdiMl it tb* mds with aiigla-iraiM rivieUeid to than, 
I'y ivljiah the sido «olca aro bolt'?iJ to tLu cdJ boIi's, foniKii:: 
n iolid and durtkblo unioo. Th« <.<i:r£iiLiilii:i oi i'nu eui bars 
are bound with flat iron »trap», to pnivent any tendency to 
rupinre. Tlw fraoM u alw iwood inamniif with two 
I ln«h ti^iwlaat«Mli tnMHOiwtfiDW hv; Md Imgila- 
dinaBy lgr«iwMiiliaavaatiM«d,|iaAdiMMtoiv towards 
nob md«, n«icl tTn landing of t)\» diagoaiilt on tlw end b*rs. 

On thl» lliiTc iH it ^'TUTiil Mib'^tilu'.iiiii cjf ru!lcJ Won 

for forcings, itu kin;«a> aro rci^uirvjJ, inj suap-bolw, no 
branched plates for the joints of the inside timber*, do waihoi^ 
platM aad atrap on tha outaida o( tba aid* aole* to givo a 
haarigf fer tlw Mt-lwada and mia nf tbt tw4«di aad 
{■Mid inan; all the jotnta aro aotad on aad Imn^ bone 
by the a«i«ide pbtoa and the t?»-rod«. 

orujiiary laminated buffing ^'pniiir^ -iro <i:?iiiis<{.'J, 
•nd Uie *;rtRlle is replaced by the atrau,/| to i' niiplcti; tli<; 
diagonal oircnit. Tho drawrod ^ is oontiniioos, lieini; un-le 
in two piooeo oottorad la(|o(h«( into the finmlo. A. Xh* bat- 
ing and dnMnpringi, ooBMctof <enipaatfolnlta,thnadod 
by tho bufl'er pods, /, and the draw-rod*, and aro entirely 
independent In action. The continuity of tho draw-rod. 
.111:1 tin; iKdl.-itinii <jf tlii' s;iriiiL;3 for bul:in_' an.i ilrawiii;^', iir;- 
most important element*, u they rfliotre the frame, and ad- 
mit of ila beiof nado ^^t and simple in ooaalnNlioa. The 
middia IfanMua aro atrntted by twofiaoHb *^ amwed to 
dw lido aoloo, to nliofo the tenona fiwn tbo baSag atrain. 
The bufrer-ro<l» aro finished on the inner en !.t with r.ist 
iron bli>ok«, n, eottertd upon tlicm, to ch«ok tba reciail <if 
the rods, .md li.ivu <1:n s wuMeii their outer ends to carrv 
the hardwood butl'er-head«, o, screwed on. The buffer-rods 
ara turned to i\ inches diameter at the outer ends, and 
woritod down to 1| iaeh afoaio for tho net of their length; 
tboyworfcinoMt-iren gnidMborMiandM|ataMdaot,aad bolted 

t» tlio fnimn-timhcrs, ar.J thin tlicy iin- |ti:vi-iiIci1 fnim 
turuiug round. A coilar a fur^oJ ou eacu lutiir-rod to 
shoulder the springs, and thetso hare their bearings on iron 
fifties bolted to the transoms. Each buSer-spring consists 
«( a pair of Tolutes, with a east iron plate botWOOB the eoila, 
tando to elide loaiely on tho nd* aad to aaitain tha coile In 
Iheir eonemtrie fteoilloni. Tho eoflt an mad* right and loft 

lian i, »n llat ill i'iiiti[ir<'!i<!ii;; llicv iii.iy rtv^Ivu tin t'riL'ir axi.i 
in tliii uiuii 4ii*«ctiOu wiUiuul lVi«liuu ; {m oil such fj^riugs 
UJiturally revolve in some degree when they soffier compres- 
tion or elongation, and the want of liberty to do lO ie a 
cause of breakage, sometimes attributed ufiuity to tbo 
^nali^ of tho uaterial. Ea«b eail baa d| inehea of action, 
nalfng 9 ineheo together; the bnflbr li jtemianeatly com- 
prr.'-i'.l 1 rtn li. try lioi p its b«arin;;fs taiil, niv! tho diOsreuce, 
3 incUts, li ika free rauge of tlie buSer, wliioh is enough for 
all ordinary action. The draw-springs have each 3i inches 
of range,of which i in«b iepenaanently campnnod, li inofaea 
an aet up, atid If tnebn nmaipt that tbt dn«^nd baa 
a toi:il [>]ay of 3 iaofaia, aad the diMro|Ncatea only ibrongb 
tbo spriugii, upon tbo ndddla t ia awMM a bn o, tlie hooka being 
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made to el««r tlie end soles. Tlie two s;irin;:a Iwar upon cast 
nun jiUtes bohei to tin iiU'UIi? ti aii.-.(/uis, ami are act up bv a 
cast iron t'erruie cottered ou tiie rwl between iheai. The rod 
works through a east iron plats at each end, in whidl it baa 
i inabao of liberty laterally, to radiate to curvet, 

Tbomfety I'li:.!!! -, p, are hung on staple* near the longitu- 
*!Ii:al tie-rods, and parsed tliro.i^h thi: s:i:iiii iva^iiLT-plate. 
Tl.ua tUo cli^iii;!', \\\itn broai;!'.! into aclum, liraw almost 
directly frtmi thti lio-rj Is, luiJ tho frini'j does not siiifer ; 
and the aetiou of the chain* i* softened by the intoq^eettion 
of G Ibo. TolotN, f. 

ForwuggBiMiBdtcftaBwi^ tb a ia aiaprinolpliaofoe Mtt ne t iaB 
apply ae for eaiTugee, with litdo variation t a* in (ho andtr* 

fra;iiu of tliu opsn-box waggfjn, plato 42. Ilc.-e, the <3VStMn 
oC buli«i's IS •loipler than in tho ci»]~riage, as outy 3 inches 
play of buffi;r is required, and a alngle volute, 25 lbs. weight, 
ie placed in a ciat iraneaae^ with wnn^t iron flanga> bolted 
npon tba and aolia at oadi oenwr. Wbin^ ae in aatdo- 
waggoub • longor atiaka ol^ lay C iaebea, ia nquired, a 
system of bolbModt and donMe rolttlea,abonld be adopted, 

a.f ;n the i-.arriai.-ti.'i; fnr it in Ii;,-lai'r, better diatribtttO^ and 
leas costly than the tong-alroks plunger-baflVr. 

It may be added, finally, that the great width of tba 
anderffanee above daeribed, |pvao thna tiino adtniati^ 
•w thaw ut lha aadiaacy widtb, C IbN 71 bieha «r 
9 bat 8 biebe* onteide. Fiiet, that they pnrUo finr kogar 
axles, and a greater transvera* distance between eentno 
i>l journals and springs, or tl fott ,S inch centres, instead of 
C tcet 4 inches. Second, tbat tliey give laoie room for in- 
ternal arrangement«. Third, that they (implify the eon- 
j atriutMn of tbo bodioi of waggon*, «a leeaoroffaangiaaiadad 
lor giTan wJdtba nf badytnnd t b e » t t > «b aienta my ba aiOM 
dinettyeCialad. 



OHAFIEB IIL 

Wataau tm Axul 

M4st' oiMM-viUioiu and ezperitu«iiu ltav« l>»«n made upon 
wheels and axles, to determine the best forma and jM/n^ 
tions; and the reealts appear to be ae follow:— 

That the body of tho wheel ebonid ba Indepeadent of tba 
tjn, for Ita ium and aliaqgth, aonato tenain analtaiwiila 
whatoeer n»y bo the eondltioo of the tyn. 

That, for til's oihjL'Ct, spoke- whtivli -IrpuM Iiave iho fip<:il;e3 
sulHoittutly Duineroua to maintain tho rim inflsxible-reay, 
eight spoke* for a 3 feat whaal, faadlaig npon tha rbn at 
aboat 8 ineb intervak. 

TlaldiioiAailtanftiieiBbto to apabe wbailii, aa tfa^ 
may be mon oiiaply nMid% and aiwd n aentfanoan btnring 
to the tyr«. 

That Ihc lyrn. m wrariti;; p.irl, .^hjuld be quite distinct 
from the body of tlie wheel, so a* to be readily renewablat 
but secured to it continuously, and not at wide intervak. 
That tho tyie ehoald, eo far aa pnetieaUe, bo made a 
I ligid liag^ and ehoald p w aeroe ita fcim awn after it ia well 
wnHii 

I TiMt tbo body of the wheel dionU ha«o aemo aaMwnt of 
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elutlci^, to «MhiM Hkt Umm nffii]]/, nd to iwilt frwn 

Hal tht BMNHiy twtaOHM w Ik* iuHNlir «f the 
le mwle gndmUj, not raMtp^ M Igr • •erlaa of 
■wdh or andnlatiems, not •topo, M tint ttia tksticity of 
th« axis may be anironn, nrA ihv [lul^ationa tiy iM>neaMion 
uniDtcmipUd. This eotiiiition promote th« donvbility of 
the axl«. A aqiuire neck or sbndder i> tm btipiMtl Jiwtan^ 
it ■• tlw hf imuDg of • braili. 

Tht fcnfmag nnuriu talluim dbwiljta tKbtii^ 
pnetiee. In ft ptcCiet qMtn, dw vlmh nml btw <a 
the axles. 

A si'lection of wheeb nirl -ivli's that lisvi' Itcen tiie.I wi 
the London and North Western ani ot-ierrsulwars, is given 
la SaiglHtt^Iate 8; the illui-trntioii!! will afford Knlle idea 
cf tha MUM of inftnlhin tndaip«ricDMui<wfa«tliaa'l axles 
for earnagea and wag^m. Tlw «Mt irai whtob are ^ood 
in fenn, bat are nnsafe at high speeds and in frosty weather. 
1b the wrought iron spoke- wheels, the provision for resistinj^ 
the shrinkagi- tli.? lyre, and a'-'-crafions of form by the 
eoncuseinns on the railsi, are generally insnfficient. lu 
Haddan's wheel, the wood (egtnenta inserted between the 
■polw>i(aii« am liaUa to liiriaii. Ioomb, anl drop ont. In 
WharionV *'<liMa»«lied.*m4a oT woodn anoltr Uoob, 
like cheeses, bailt round a cast Iron nave, with cast iron 
wedges to lightest np. ttn're aro tor. niar.y [ii-'iwi. Smith's 
soiLd 'vr-)U;lit in n disc-wlifi-l, carrit'd ■niitii to tlii^ iilli. r 

wttrome. It ia too rigid and inflexible, and the wearing 
pwt, Iho (THh k in MO pioso irith the body. The tread 
win, DMIWVMV tmar nMll noro rapidly than on ovdinary 
whada, on aeoonnt of the abocilnte rigidity of ttto wheel. 
Mansell's wood disc-wheel hsi liccr. touti 1 di work very well, 
but there is too much workniaiishiji aliout. it. It will after- 
«:Uili \iis iiiori' [inrticularly J.?9LTib. i|. A>iania' wood-dise 
wheel is put U^other iinipiy and efficiently ; it has not yet 
been tried, but it appears superior to Mamoiri. A flange i 
lo nllod on tko tjnok by whiob H ii Mdo4 on the disc, and | 
•iiirplf feattned to it. Than aro no btUothron^h the tyre. . 
anil i; may fio Wiin) down nearly to the wood. Adams' 
it'.iQ UUc-whe«S, with a chilled cast iron tyre, is also remark- , 
able for its simplicity. The nave and the tyre are cost 
upon Iho disc, which is of wiwtght iron, and ii ooBtinuoasly 
porlbratetl at the iulerliiraod «rt«ioriiiaikOoaalntiiBately 
tomitothodiMiadtkaoailiBfi. ThiowM, ifpniMrly 
worked eiat, wQI niko a duablo and etmpte ^Atd. The 
nave fLowo as loose on the axlf, and l)ii> Imi;;!!) is made 
e^kul ta tialf tlie diameter of the wheel, to injure steady 
and durable working. The wheel ia free to turn on the 
Mtle, and the uia io fno to tnn in tha ulahatoa.- 

Of tbo Bidio, Hpantolrillattialod, «ba lint ouaplt ro- 
piaatBltanailothatwai ntwatnilr Htd bgr]Ir.Boi7on (he 
Xiondon and Bimingiwm Railway, nmnr axles on this plan 
failt l w'h'ii at work, givii:;^ w.iv .'Kii-Tally d-jhinJ the nave ' 
of one of the wheels, just at the shoulders. In .the second 
olBBpIo, the shoulder still exists, but is bevelled down at 
a akpo of 45*. to join the |iooa» or part within the nave. 
Thia wB»fc—d on adtMHyoB a wodifieotion. and waa ap- 
plied in some of Henson's patent waggons. The third 
oxample repreaents the form of axle designed by Mr. Hen- 
•M, to fipiHa BmyVor^ioal aiiii^ and whkh ia now tha I 



standard axle for the wagj^on-stocx of the London and Dir- 
mingharo Bailw^. In thia aala, Mr. Uonaon bai Tirtoally 
removed tha ahoDMw Milnd tiw aata, and MrolM tha ada 
fro<n 4ftiaahM h tha awa to 4f inehea behind it, giving 
i in«h osMM ofdlamoter, on 'a conical surface i inch long. 

or a .•'!o;ni <>t" 1 in S, IIl- Iuh taptrcJ tin' a\Ii- uti:^'or;rdv 
from 4t ineiies Uuttiivtiir at lliv uav« to mcbes at the 
middle, in conformity with old and good pnetiee, and tbua 
lightona tho aiin witlioRt nSaotiog tbo svorkiag otMBgth, 
and iaflaaiaiatoitnttOMaM of ohatiaitrtodiitrihntolha 
ofloeta <^ ^iinr<<t'!<>iin. This is a practicalljr porftet nla, 
■ad in workin;; \.x^ i:\v,-u proofs of its great durability. To 
Mr. neincn, wlio w'a:,;i;i<ii.-iti[ii-rii:tctiilciil on tl-o I.i iidon 
and tiirmiughiioi U^tiway, much eredil is dm Cur tlie ^ood 
sense and judgment he has sbown in the investigation of the 
Iroabkaooiio ^aaition of nQwaf anha, and in tbo mnplo 
ramdiaa ha haa appliad ht (ha pranotkn of finetuok In 
this IWptot, his labours have been fully as satisfactory aa 
tboae of tome industrious experiuienlaliits, who Ikave tested 
axli-^ in sort" of ways, tm^rL- or log? iriilei'ant ; ani, 
whatever iik»y b« tlie pru«e^ ot cauversian (o sitisch the 
material of badly formed axles may be subject in the eoono 
of wodtim, Mr. Henson has, apart flOflll the general ques- 
ttoo, on M O ai l M ly applied a speeifio nuMdy for a specific 
complaint. 

In the form of the jouria^K ilt. Henson haa not nude 
;iny mat' 11:41 variation. He simply liinis down the axle to 
a cyliudiical form, 3 inches diameter by C inches long, with 
a collar on tho ond, 4 inches diameter, farming a iinab 
ledge, tho aaglta htiaf foaaded. To pmido^ainat tha tad 
wear of tho bwriiii^ and tho eomoqwrnt latoial pby on tho 
journals, Mr.Brunel ron^ d tlo' iouri::i) at both ends, as shown 
in tbo (jreat Western axle, I'latvi \ X X I. be., iu hopes that 
the bearing would wear down like a wedge upon the journal, 
and remun tight. This proving insuScienl, he ^otecded tho 
bases of the cones towards the middle of tiia joiinwl, Isatiiy 
only linoh of ike length a^Umdiiaai. at in tha Biialil and 
Exeter axle, making what !■ known aa tho "donUo'eoao'' 

journal. ThU form of ji.)uni,il lias rti.-i'ivi'.I its l.tl.-<t d('».> 
lopnwii; tVuiu M.'. Sturwck, iu liiu. Uruai Northem axle, as 
ehown in the Diagram-|>late. 

For carriages and wagiptna, tho denblO'OOBO jonmal ii^ 
we b«lieve,afailtu«: asitdoeoBotpwfwtlatanloaeillatiaa, 
theolopooftbooaBolo oiLrTituchtoognllo. It isalaonwio 
liable to Iwot than a cylin lr;ral jonmal, on account of original 
misfif.hi; of liujrin;;, auii t!m Iriolfiicy in iam in tlm Waring 
whwi »way«U taterilly. On tlio Bristol and Kxeter Radnav. 
where both double-co:o' and cylindrioaljoamaia arp at nork, 
by Car tho greater proportion of hot Inwm oeeaia with dottbW- 
cono jonrnab. and Mr. Bdigm, Aa oarri^;a4QportalaadNl. 
finds it mull to hia advantago to torn down the joamals to 
liie cylindrical turn. W. A. Adams, after much expeii- 
enee, findi tliat the cylin ineal is tlm Lvsi furm ui journal. 
He applies a i inch ledge and shoulder at tlie euda of Iho 
journal, which be findo iMth aaparior to i iaah ourtocaa !■ 
moderating end w«ar. 

ThadtanaaioBa of ojlindrieal^amab ham toon imuiiMiJ 
from 5iaehoa by 2i inches, to 8 or 0 inrlic; hv o inchn 
diametor, in eonsideratioa of tbo heavier loads placed on 
thook For jornnab aa loag aa 8 htdiai, a dhMolar af 
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H iucbas i«, perhspt, more Bailable than :> inches. W. ii. 
Adani wai (h> fint to depart from tlis e\A Bstabliabed 
dinntisiM, 6 ij H in«tiM: Im aidoiited s jovul 6 hj 
9 ndiN, lAuA, thomh at iiM njMdiiMd bj 4h* antiiorU 

ttes. has since been extensirely ein[ilnjed. 

Hollow axles have lann beenrontemplated and oeeasionally 
naed for railwav rulliiij atcck; thfy lisTe of late be«n ex- 
tensirtiv riui:Dfacturo.| Ky tlio Patent-Shaft aod Axletrw 
Coinpa:iy, ! !i ,1 very ri1ii i< :it ""VBtem of piling and w^I iiii;; 
dMigaed nod parfovted bjr their managing pArtner. The 
■ad* n iliowii IB w i Mm fn tha IHagrfttn-pIat«, with 4mbl»- 
cone jonrri nU. t n which it is p^i liafi? l.ftter adapted than for 
eylinJri mI iriiinials. It. only tw?)-thir<ls of an ordi- 

nary eoiid ft%l<', an.i ii *;\'\'\ to hr an i-tr'iic. For reaistini; 
the tonlonal atrain to vtiiieii axle* with iixed wheels are 
rahject, the hollow axle is do doubt better qualified than a 
Mild axl* of tupA might. The um of tha hollaw axle i^ 
onr mfsd, only pi^riMOaftl. Wa matt, one 

dny. anivr- :it liin'i<- uluvls turuiii; Irii!o[ifni1eDtly on axleti; 
an t there will be no noore torvion, when than viU 
ocn^r to be aoy ]HMli«i] adfaitap in Oa lHila*«iar tha 
•olid axle. 

Hi* wbeala and axlaa adaptad \f tin iHllwr, titir much 
aauUintkNi, Jbr IiM aanrrtof ata* «r Oa Gnat Narlh «f 
8eatland1Railm7,NiMdBtolwd«anAMd. Tliesxtemsbown 

in the Disgfratn-plale 8, and i« employe 1 mi l. r I rMli t'lc 
farria;;e» and the wa<;eon9. The form ami ilinn jisioas ot tli« 
axle within and between the wheel-naTes. are borrowed from . 
Mr.Hraaoa. TlwjoanalianSinchaafajrdiinebeadiameter, 
mi an plaead laaia Inahaa tolkar apart an tha nb th»n 
{> ca»(omary in narrow-gaofa aloA, aJk<r flie practice nf 
Mr. W. B. Adamo; iher nM«nu« • fe«l 8 inches apart 
between centres, or 6 fi f t lietn.«n the sli^ul !• r-i, This [ 
extra length admits of the wiieel-nares beinp; profx rl v formed 
and placed fair with the trrc*; it gives additional overhans; 
bt^d tba IMVM, wbieb to faroaiaUa for aiartie aeti«m ud 
ii condaaita to daniMUtft and it albrda raom fbr tbaittin^ 
tit tha aslabm. Oataida tba nares, the axle is tnmed down 
with a »Top» to a diameter \ inch less than in the nave, to 
clear th<' key-.'-t^at ami to give an iiu!ir:iUc;i lit-arin; for the 
grit-nhieid. Tlie extreme ends of tlic .ixl'' ari- iiiri i il and 
finished flat and smooth, without centre-marks, to reeeire | 
tbe and liearinf of tba aatlabox. Thi* axle is desipied to '. 
turf a anaxlnmn giaai load of 10 tant per pair of axles, 
above the spring*; or 2) tons per journal. 

The wajrcon-wheel. shown, with the axle, in Plate X LI I., 
i? ^'ft ilianu':''!', \wtti fnjlit wroui'tit iri.n spolics, and a 
cast iron navf'. Tlio f pokes arc "f bar iron, 3 inches broad 
by i inch thick, b«nt into Moments placed together en as 
ta farai both tlia liai and th* ipolsca. Thaa aiiaBigad, they 
are pbMod hi a nwald, and haw tba nana caatupan their 
central < ii l-i. uniting the whole into one body. The vacant 
angles nt tl " ni:i. formed bv the contiguous segments, are 
filW Up .vitli iv.:il_-r* (if » rnii^iit ir.n wilded in, and forming 
• solid continuous Hug. The two parts of each spoke are 
•lightly conTcx towards each other, the better to resist the 
aluink^ of tha tyiOb tlioagli, if tli* ling bo mil naitad, it 
ahadd of Itailf poaiaaa •eitd«Bt Hlflboia and rwialance. 
The rim is turned on tin' i ui- r ^iirfaif Jiud inner tdge to fit 
tbo tjrn; tbo lyre beinj; turned to the ^p«r •«cli»D, and !| 



lw>re4 out to fit tiie body n itir .t flight »ljriQliage, having an 
inside fillet or flange, } inch deep, to heu upon the ria^aad 
to take the lataial atnin off the aaitiog balla. T!hm$n 
low i incli upardNadidbolta and mta ta bind mA iyn ta 
the rim. The tyree of each pair of wheels are ^.-anged to 
stand 4 feet 54 inches apart between backs. wIku lixi>,l; and, 
the flanges li.ivi!i^ l i of uorlimj; tiiielinc^s at tlie base, 
a «lMr»nt:u i>f | mch at ea«ii wheel, or i inch in aJI, is left 
ait j.lay between the wheels and tha rails. The tyre h 
f 5ineb«abi«ad{ aitbatMaditiatamad^tindciaai. IfiMk 
thick, and th* oatar htdf width ia oenad dioam | ineh on the 
thickness. The nave is plain, .an.l free fr.iii tlii? pctt\' 
moulding* which ujually graso tha twieepl.uiu ot profes- 
aiurals; it it 7 inches deep, and 11 inehee diameter, and 
bored ont to &^ th* asla. Tha wheel ie find on tba axia 
with one aM barf inek by.f inab tUak, lal | hidi into 
the axle. 

For waggon*, a* for carriages, wood-diia whatia pro- 
perly consirietfil w')ul'l bo prefi'iabio. Ssmething sitiiplcr, 
however, lluui viltAi afit uow used as wood wheels, require* 
to bo introdnced, to command a preference. 

For the carriag»4took, the wheel aatplogfed ia thawoodia 
disc wheel on llaaatll'b pclant, ahown In Plila XLIL Tha 
body ia baiit ia tagtmta, al aawaaad iuwimad or lad ploi^ 
pfaMad wflh tha frain nSttXty. and awn pre teed into the tyro 
with a pressure of 8(1 TOO l-n:.. on <,)ii,i <vle. It i; borf J 
oat to receive the nave, sua tuiued on tiia twu imie*. Tbe 
nave is of east iron bored to fit the axle, and made with a 
fas t and a looea iiaog*^ bolwaan iriiieh thabodj ia bolted final j. 
The body ia tamed eaBieall/ oa tha tun, aad <b* tjia ia 
bored oat ta £1, and is otberwiao tamed and grooved to ro> 
eeivo tito "retaining rings." These rings are of wronglit 
! iron, turiif t witli fillot* to enter tli-? crcsfes in the »Uh:r> of 
the tyro, .ithl tlicy are bolted to tbe body. Thn* the whole 
wheel ix boand togetbar.aoitlwitanaa bolt-holes thiaa^ 
the tyre. Tba tyre man araeb logger, and eaa be won 
me<h tbtmer, thaa the tjiaa of afdbwjr apoko-wbailiL 
The whed » faaged and iiad aa tha atlawithaaaatail 
icey, in tlie OMial w^. 



CHAPTER IV. 

XSO SPBtXG*. 

AiLEBoxES are in good working order when the lubrication 
18 free ni..! couitai.t, -Alien tli- ro is no heating, when there 
is no v^ir <•>{ ■•ry-Mo. n':ii;n the external dust or grit is ax- 
eluded, wlo'i) tlntni i^i rio lurching fore and aft, and IM ll^ 
juriooa and pl»j. To promote the fulfilment of tb«ao aia- 
ditioni, tha ba^ alnnld tt easily upon the jonnul, and 
-houlJ lo ti^Iit liowl-fri-, iho ^-r>>a5e-cliinibfr should be 
cu}j«^uu» and kept lull ot grviuv, tii» gna'«vhnlM iihould 
be wide, and should be occasionally probi-il In cUar the 
passage*, the axlebos ahonld bo entirely closed npon tbe 
joarnaL, and there eliaBld ba pr o tiaiaa for wadijy aaan 
penaatii^ tha and wear. 

A atlaetion of axlebotn is given in Diagram-plate 9 ton 
oninparieou. The first axVbov^, No. 1,, nsoi! unli-r co.tl- 
I waggoos, wtUtout ^riogs, were of tbe simplest kind : they 
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mn val nleboni^ ra het, but w«n MmMnalar bMringt 
•TflwUiram eallod pedeitalf, bdlttd to tbt mfgoil'liMiDf;, 
with Mm or jsArt |iM«ing down mi Jelntd ondar tbt axle 

l|y 5 |i?:>ti' or a hilt tu pinvent th* axl^ from dropping out. 

Suiiis«queDtly, spiiiiga were interposed between tlio axle- I 
boxes and tlie frame, and bolted down It (he middle Ui the . 
ultboxo, ai indkatwl in N«. 8. OnaM-cbambcra or 1 
hof/m mn addtd, braaa bcarutga mn alao inaertad, to 
taka Iha mar, and an voder cover «aa afiptiad to tha aala- 
boK, to ahidd the axle from grit, and to iwdn«a tha waito at 
gr«aa«. No«. 2 3iA 3 imJi 'iiti- iliu ^in-.M-jihlve and abfious 
improvetncula made in tlie detaiia of axleboxes. 

Further, in other coms, interlocking diaea and groovea 
«m apipliad, aa in Nik 4, not in iiriotional oonlaot, bat *o 
daaa « to diudntih tlw liNdilien of air and dart into (ba 
wlabox. For tha wna'aljMW Aa p^j ai ti iB U tha 
jOBmaJa from tlie whad-navaa was 1im!t«d, and dia asfe- 
boXds woro cnrrioii floM" up In tlif wiii-v'.-iinvee, and o<c»- 
aiouall^ fiui«iH4 with a plain cireular «xpaniion. m in 
No. 3, flanged towards the oavea. Williama, by the way, 
eaata altaraaliog oinnlar flaofaa, N«. Ui on tha baak ot the 
axMiax and iha«liaal«afa. 

Bat, and-wear of bearing* wa* onprovlded agam*t ; and 
the entire exclusion of grit, a fertile cauae of hot boxes, waa 
not acki/iujjli.iiu i. In 184r>-7, V>' ]i. Adaioa patented hie 
greaafr-tight axlebox. No. 3, having m loather oollar on tha 
axle, icrewed up to the bock of the axirbox, with a plate orcr 
iL ToeonMtthainifarfaetlnbrieatiooframtlMnpparaidaof 
the jounal, ha eon vaitad tba bnrar part of tlw bm into a balb 
of oil or grease, feeding it from above with floating wooden 
rollers, so aa to lave the journal from below ; and ho intro- 
diicfij u [lic.vi of |i;uil'.M>:>:i i>r riM;',ai Ik'Isvu'Ii ihi; fniiit i.;' tlie ' 

»x)«:i.ix, vO.icli wM ntovabie, and the end of the journal, to ' 
aheck the end-wear of the bearings ; the end baMlinf beiog | 
ranawahle when tha and play became eneeeaifa. | 
In 1848, W. J. Norannnlla, K*. potanlad a f re«M- I 

tight axlebox, in which he applied a ring of indla rubber, or ] 
other elastic anbstanee, between the wheel-nave and the r 
uxlcbox, rcvulviij^' with tliv wl-.i-tl, Mi<\ fiiL'cd w.tli brasa to ' 
wear tlm \'i>x, H«9 iioped ilM tlic «lastio ring i 

would make a catutant tight joint at the back of the box, I 
aaitwooldniititaaUtathiolataialjilajrorthebear^g. The 
mdia rahber did not ^fentiahetioa, fbrmnt of dnnbility, 
being liable to heat and inflame, and to dee»nipa»e by tho 
•etiuu of tlie lubricant. It has been given up for some 
tiim-, ami Xoi mauvillo r'L'Ci.rn.'il U) Aiiims' phin ui' (he 
leather collar, embracing the axle, and bolted to the back 
of tha ailabax, with provision for shifting it upwards with ! 
4ha TCctieal mar of tba iwarinfi. Snineqnamljr, in 1848^ 
becaatafiwrainthabaAof theB]MMiX,No. 9,toTeedTe I 
tli£> leiSiicr l ifj'ii'y. and to admit of it« working up with tlio 
wear. llmsLuri etlition of the griuse-lighl ai plitd to 
waggons, 13 sI/o.mj -.ii Nu. 10. ' 

In hia pateata of lBi(>-7, Adams provided for the tdf- i 
n^oatmani ol the collar to tiie wear of tha bearing. Ha | 
fnapOHd to ba«( a eonical metalapring in a circular groove 
at tba baak of the box, Vo. 8, expanding upon a strip of j 
leather lining (Iiu [^rouve, and embracing u Icathi i < uKur on ' 
the axle; the ends of tlio apring overlap. In another plan, 1 
Ko. 7i ha. and s conical pipe of Uoekad laalhar, tha adgw | 



of which were aocnrod by elastic ring*, like key-rings. (Iq 
this plan ia ahown ain Adama* mode of applying ntorabto 
joumala to oM or new axtse). Hu spring cone and tin 
ti/atlior c jiit' at tli'? lack of tin- box iv<itild by their fiaaaatioB 
suit tbenisirlvi^ to every nioveiuent uf the box. 

To supply a readily adjustable appliance for checking end 
play, Joseph Barrane patented in 1849, the lue of aa ad- 
justment. No. It, applied at tha and of tho jonnial. A 
4igrli>drical pin, aiMigg hi « ^liadilcal opaida|» through the 
front of the box, la made miih a aeriM of notdio* spirally 
arranged ; the set-screw enters one of the notches, and fixen , 
the slide opposite the end of the journal within inch of 
the repaired clearance. In some cases, Bamuis applied 
aonwa and wedgn Idc a4{nitii^ tlia elide. To labricato tbo 

dinollj 0«W ilk A gwan drawer was fitted into the lower 
part of (le box, to eolleet tho drippings from the journal. 

This ^'.i-* u^i'ful as an ec<iiiii:iil«i.T. but, u]'p3r''tiiiy 

from the i;uubt-> attending it* use, it woe diecontinued in 
subsequent axleboxes. 

The adjoatahia and-bearing piaoe waa an unpNoamaat 
upoa Adama'iiadplaetoof Modi hattha OMaoaof aattfaig 
it up were objectioDobla, aa it might be jammed against 
axle-end, and would eaaee beating and other bad results. 
To reduce this liability, Darrans mi le a |i'...ir. n i-tiii-uU.- 
slide. No. 13, grooved it transversely ou the upper side, 
with notches i inch pitch, and inserted a die, eimilaii|j' 
fCDOwd, thnugh tho upper atdo of the elide-not, to anpp 
.with tho elide. A belt wae paaaad throagh tha wboK aad 
secureil it with a nut on the upper aide. The slide wai 
pointed with a gun-ineta) wearing piece rivettod to it. This 
plan has been found, so far a* it hax bvi n t.'i'iJ, to work 
uniformly wM! andaaiksiiKtorily. The i n.'iiu-* m.A r.irriages 
in will l> it Ilu baas applied, on the Sunth Ea»teni and 
Brighton Bailwnpa^ am aeaaiU/ ataadier in rnnnii^ and 
on this plan tlien luw lot bean em {aaloaca ef a hot boic 

Still, tho notching is an imperfection ; for at i inch pitch, 
a lateral play of i inch totally on the two ends of the axle 
is possible-, and tlierii tiiuit in praetico bo a [;.:ncial averii;* 
of i iui-h phiy wbi'n tin: fhd'j.n uro nvwly adjusted. The 
author, thuxyf^ire, coiietiyf^ it would be belter to omit tba 
notchei^ leaving tho enriacM flai, aa the elide would than bo 
ailj uetable with parFeet nieotr, and wonid, then ia no daabl, 
riMiia'ii ill its plac?'. as tlio lalora! ll jws (;ii the axle, tending 
to start it, are cuiiipaiutivi'lv iMii:,iiili',atjt. To rfdu«9 tlia 
projection of thi? i'\t.-.-iia! a|ipl:a;h-..!>, f -'Cli-Jii.'d area uf 
the slide may be increased aiid ita leii^iii ^liutteued. With 
these nioJificatious, the author has adopted Bsrrans' axlebox, 
aa jn Mo. 14^ and in Plato XLIL. for the whole of the 
rolling oloek of tbo Great Herth of Seolhnd Railway. 

At tl.i' back of his ori;;;iial .ix!cboi, >'). 12. Barraiis 
appli-jJ iuleilucking rings sulll'-'iintly cj ar u allaw l<jr uoar, 
to shield tlie entrance, wilii /ui u'-p^rini,- to grease-tightness. 
He subsnjuently adopted, as a siuipler and more efficient 
^t-*liield, a plain diaphragm of lime tree, in No. 13, with 
a dronlar hole to fit the axis, placed in a graore in the atlo- 
box, and sliding freely upward in tUagnovo aa the baarinf 

wearH (bv.vti A-' a -.-lubi, wow] U biipcri ir to Ica'.biT, for 
it is stiller and otiers a more durable weaiung surface ; and, 
in tha can bafbto na, the diaphi^gflt, ndlib anloieDtlf tight 
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to yrmw iMluga. ptU* fwtMaH; mith balitj, a»A intmn 
litdf IwtiUtjtomarwidvntlwuk. TMti|ip«i»Mte 

tlw tinpleat and best of all ih* me»n> (liat K»w Im trild 
Ibr inaVin<; a gr«a«e-(ii;ht axlebox ; it ia adopted fn Ko. 14. 

B, C. Mansi'!!, No. l.";. proviJog in anothtr wnv. agii"ii'<t 
end plaj, by extciiJtnj; i'ue juuraal tlirangh iiw fac« of the 
axlebox, of a (Oiallirr <lt«me(er, and takiii'; op (he play bj an 
A^jiutabit Dot. He alao nli«v« (be wbboK of «U imt its 
own wmiglit, \j fbrnrng th» liitd tlimtly vfMa tha k»h, 
timagh til* ooTtr { Uw bnali ia thns free to work down a* it 
wean, wbila the axlebox rest* indep«ndenil,v on the axle, 
and it i« hopi?^l iIi" wrar iif the box up:iii thn j jurii.il 
will be 10 little that it will rsitiaia prarticaily grease aii<i 
oU-tigbl. 

Tlw idM of iabricatii^ th« jonraal htm btlow at well as 
abate, haa htm irarM «a( variooaly. Allan, in bU engin » 
axlebox. No. 1 6 (and Fig. page 211), plaoea a sponge in 
aloDgitadinal trough below the journal, which retains the oil 

thill wiirk? niiiiid rrniii ;jIkivi-, \]\d fiiiititiU'iuslT lubrimte* the 
journal. VS'iih oil, Uie sjwugu vioiks well. P, R. Hodge 
has lately reproduced an American axlebox. No. 17, stuSed 
fall of oo4taa waiM^ whkh tnUnl; aavalopM Ika lawar part 
and (ha and of tlia Jaaraal. It k InMaaiad wllh oil, whieb 
i» poured in by the plug-hole, until no more is received by 
the waste; the waste distribatea the oil over the whole surface 
of the journal, an J coMtium's to do while thore is oi] to li,i 
diaposcd of, and whilo the intrratiecK oS iha »a<>te remain 
nnabatrocted. The used oil drips into a chamber b«low, 
whnieahMUppadforoilHr mat. Tba Ink iadoiad behind 
with a Isatber dtaphr^ boand with n plate, and worhhif 
iu a grxwvcd iron collar shronk on tlio jxlo. This axlebox 
is said lo be extensively osed in Ann'ricn. luvi to h» working 
Wei! ar.d ("MnoiriicalU' in En;;lai!j. 

Bit', in :i grease-tight axlebox, special provision for 
lubricatioEk bciuw seems unnecessary, at least where grease 
ia aied; l«c the grtaaa dtpoaitad below aeenmaklae ahenl 
the jewnal, and it ftma ■ ihdl !nto which the aeeaialmia 
of melteJ i^rrast? from al'OTe must coiitlnnouilv i^Miv. A 
natural l>atli ^» ilmt workoii nut of the grease, and it hm 
hfen [iioved liy Tlarrunn'' <'xprriinrata la hO afldanl in 
koepin:; tho jounjsj in good order. 

Axl^boxes should be of toa;;hened cast-iron ; they may 
be in one main eaaling, two caitinfi, or thiaob The fewer 
the pieeee, the Imb ia iht yrohabilltjr of leote werking and 
no'.iiuir-i ; lilt iJif less is the PCi'-venii-nce .ilt'O, for bv cast -.ig 
the c&vur .-in 1 tliQ bottom seftarately fivmi tlie iKHly oJ the 
box, thev iiiav be remoifj at sny time, inJ the interior 
freely inspected and cleaned out By properly fitting and 
fixing the castings together, the cover being held down 
aimplf hf the ifria^ and the bottom fixed 19 bjr two boll* 
and eotters, with n thin packing of kathar ar hemp tn taka 
off the concnMiam^ n ptiatieilly t^jfaft and aeilid hooc u 
obtained. 

Tho lid, formerly of sheet iron or sheet brass, is now 
uualljr of east iron, hinged to tite apper part, and made to 
deee iJw epening of the grtaae-duunber with a fin all rovad 
la amilap nad exclude grit and water. It shoaU ba kept 

ahnt wHh a stiff spring, to prevent loose play. 

If of .^iinpl-j r.v-L iroi), the rulin;^ thiekncag of axlrl)0xi'a 
abonld be not lees than ^ inch ; if of toughend iron, they 



(nay be iV inch to i ineb. Xhigr aheald be at kaat i ioefa 
to *-indi thiafc new the both, iod tha aane dnekmaa in the 
tif ar«t«RhtooaRj1kalea4 The btuli should bell inch 
thiek at fha «HHni, to attow far wear, and lo obviate the 

, fiiqueni'y of renewal; but this must bo in ixdjui'.riiun with 
ea^i bearing pieces, to prevent end wear, atber»j«;, extr» 
thickness is of no use, as ordinary boshes are renewed not 

I usuaUjr en aeeoant of tertie^ hot of end wear, and aeoenl* 
iaglj tbair ordhuij t U d mna^ when new, ie aniy f tneh 

I toiinah In fha oiWRB. Tha bearing surface of the bush. 

I tntntvenely to tiia axles, shonld b« about three. fourths 

of till' illameter of ihn jounul. not more; if bryjrlcr, 
as til lafi over the joiirtKil. it int-i-.'-ri'^ with IVfc Inbrica- 
tion. Craven allows s widtli of only t«->-tiiird!. or 2 indies 
oat of S inebaa. wbieh ie the diauieter ef the jennial. 
BythnanamwfigthabanriBf, it baooneabaahallawaaM 
embrace vertioallj only eae-fourtb of the diameter, when 
nieasnring tbree-rourths transversely i yet, the axles keep 
their ln-ariti;;* Eatisfactorilv, umbT ordiiiiirv circorastanoes. 
Lateral diecks are, however, simply proirided by adding 
wings to the bearings; and they may be neceseary under 
biaka-naa^ when the brake-hloefca aet en only ene aide of the 
wbaak IhaealoreonlOBrof OabttiKfaiiaaaltyaHni-ae- 
tagoinal ; to eombine economy of material and fixi ly of posit ion. 
; But, wlien betriugs of this form wear down, they are liable 
to l-dvn with tl.o nxlf out of their seala. A r<jua:f oulliua 
> ia bettor, aad perliape the form of bush proposed by Mr. 
, Barrans, No. la, which it aolidfj hadM, and in which 
material ia eeenDniafd, ia fha inaat ffmnOf aaitabki. 
Bvai whan flw baning weaia dawn ahaip at the edgea, ft 
may, on account of its limited width, bo Iiarinlcs-. !n slrip. 
ping the joamal of the labricant; and may, in wn'-eqiii-nco, 
not rcquiK hflinj: ,'iu<i <)ianiii:a'.;on until worn out, IJ.ir- 
rans has obs«rved ttiat tlt« limited width of bearing, £ inches 
upon a 3 inch jonrnal, adopted by him, is f^ufficient for 
etaad/ nmniasi and he baa never foond that the Jonr^ 
nal, bj hairing the bearing; had tonehed the waTle of the 
axlebox, or at least had made any impresficn upon t1i<':n. 
I This result is probable enough, when tbu vcbiclu 13 fitted 
I with lii-;irin^'. ilraw.ng, and buflinL;-.sjnirii;»; but, in the ab- 
, scnco of «pri(ig-liud«rs, W. A. Aduiu. Xo. IS, has found 
I it necessary, with bearings inches wide, on 3 inch jour- 
sale, to limit the latenl pbgr of the joanul ta i ineb off 
eadt tide af the ben, in arder to prereDt danage to the 
bearing. The simple eipcJiei.t of >■<> liniUin:; tl.c |.Iav 
may in all eai«s be employed, and the author has, in his 
niojiin auooaof Banwui' bw, alkwad jaat ifr iDgfa fhfm 

I each !<:rle. 

Art^;t of bearing surface on the Joumat has usually bean 
thought a primary eooaideratioii in asleboxes. It ia la 
reality only secondary, as is clearly proved by the superior 
results obtained from narrow l>f;>rin;,'». nrnl it is ovor-rulel 
. by the considerations of fice lubricaliou. Mi sl«a4ia<i<ut ia 
I virici;- C'f b !;:,'ili of journal. When these are realized, there 
. ia no want of bearing surface : accordioglj, Uansoa aad 
I othaia adhere to the 6 by S indi journal Ibr their heaviest 
j waj^jjona. fiat) of eoaiaa^ the ahaitor Aa jeamal tha 
|| greatereartnnstbeheatewednpOBthefittlagtartheaxte' 

box anil th« sprin;; la insure steadiness. Our preferenco ia for 
Jl A inches of length, and 3 or Si inehse diameter. Tkis will 
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ampljr niSce to earrr ftgrocs superincutnbsnt load of lU too* 
«it tmadM, or SI tons per journal; vhieh «;ive« 8 ewt. 
par afiiaN indi of horiwnUl tm of jooinal oicowrtd b; 
tlio pradoolol Iho kngCh bj A* Aunotar, iiid Sairbpitr 
•qusre inch oftlia aaibaa in aalaal aonlMt, anowlnj: a eon- 
Uot of 2 mebta wM*, and tli« irh<A« length of tlie joumd. 

A« tli« m«r« VXtent of «urfiioi! in civntact is a aeL-onJary 
•OHMideraiMa, \h» poaition of tiie hulaa lUrougii the hei^nu^ 
br Inhriffllrtmi. ia not of mach importanca ; tliv grtaaa-holsa 
4d ahatnet a part of tba boariD^«irfMO of tlw hmk, but 
tha aioa ao datedad ia mlU and mntmMj imug n B mA. 
The beat ptace for tba aUtiaiMa Cbr iba lubricatlt it prrciacly 
orer the enwn of til* Journal. The holes may b« i ioch 
diiimctiT ar.J liypprr-inuutlK'J towarJa tl)« crpiae-chainher ; ' 
two rut3 inay be cut in the bearing, extending one from ■ 
each hole diafMNdlf akotdtt andbw «f WHe * , M aq^M 
tba labrkatieii. 

Tbagnidiii^-fnwiMOB llaoalBilN of <ba axIriMx aboaM 
be of the full depth of thebax,to inaiire ataadinees, porticakrly 
if the spring be not bolted to tba box. They aliould be ju»t 
sL-iok Ih'Cw.idii the horn* of the guant, longiludinallv, to 
ke.e^\ the axlea aquara ; and, for high apeeda, they ahoald 
be <tnly i inch wider than the thlckneaa of the gnard, 
ktaiallTt hnt, for Imr apaa da , iindar SO mllaa an boor, tbay 
bo } bMb wMar, aa tha I^atal (raadeai aaaaa tba notioa, 
and reduce* the tractive power required. 

The uprins ahoald not be bolted rigidly to the axlebox. as 
is coninnjn'.y fir,ii':;!fd ; l>ut sliuul'l bo ^iiiijily [i:3'-r'l upi'ii it. 
to promote free action, unii *aDi«it<iitly clu rl.i i tu j»re««ut 
lateral diaplacamant. Williaina, and W. A. Adams hare ' 
•doptad tbia tpitm wUb advantaga ; tha auibor caaU a 
foetangiilar aofkat aa tba eofar, to tttAtt tba aprti^boop, ' 
a flat piece of wood being interjKwed to cushion the spring. 
Between the aocket and the spring-shoes, or the ecrall irons, ' 
the sprinj; i» husB 'ici,t)y Etaye l, ,ind ita action is free. 

The fpll in in;; rcsuliis oi the vxivottve experience of W. A. 
Adams. 1! rTnini;l;Bm, in rolling aloek, are cominunieated by 
binaaif. They refer to the aprings, janmala, and axle- 
bona of wageions deeigned to earry a kad «f 9 toM 6 ewt., 
l*t uut :iri l ni:iii-.'.a:iip :l hv l.im. Th»y are employed diiefly 
in ilic c lal in. ir, ami run ii; moderate speeds: — 

"Tl.c l'f.inn,'-«|irji-_'i wr'i-!i ."jSJ lbs. each, atnl tl:o four 
apriags detlm \i luclies »iih a load of 6 tana 6 cvt., and i 
tbt waggon-body. The spring-platM m a w lld vith bol 
tatacpMalelj to pircvfuioaidation. 

"iniafenn of iniirnal abmiM ba eyiindrieal, and maily 
equare at tin- nn^lt-^, rniin;!r:I, f.iy. in -I'c -neli radius, as, 
in practice, it is t'uuui titat U^e lull rauuiicil .'iir.r!os allow 
the bearing to vear endwise to a very injnrii>us cxtttit. 
Tba aboulder and eoUmr of tba journal should be not less 
than f inch daapk 

Xou.—tbM kiHM «iMa wt of tan. tba oodvMr of 
bearing is at Oa abooldar, «d not at tho bolton or eeUar. | 

" 'I'll- axlebox [No.18 Diau:n*i:t-|'f;ili' 9], li::- ri un ^iti uinl 
wsitvf.tij;Ut cover, forming a teal or cj*ila for th-j Bprin<». 

" The wearing snrfaoe of the brass should not exceed 
oii»-lbiid of tha dJaoMlar of tba jooinal, maannd rartically ; 
dtbanriaa ft taoda lo atilp lb* joiaal of tha MbrfNtin^' 

" Obn an* bt tahwdMt tto ilbifaailn of tba b«wiii£, 



A, A, be of suSi«)«nt depth, otherwine, when the braas wears 
down, it will turn round in the aeat. 

" Tba obeaba of tba «(Wm« at i, omit not ba mom than 
i inch alatr of tha Janfial, adiiralM ii^dnaliif , tba hmr- 

ing i» driveo over the journal, and tba bmlin awiMa ia 

dama^d by again falling into ite place. 

" For tho same reason, excec^lvn iutnpiiii: of tlio waggon 
ia prcvonted ; the clearance at ti bc(.vi;««u t Uv journal and 
the uoder-eap is limited to f inch. 

" Tbo jonroal ia 8 ioobaa diaautar bjr 6 iaaboi loqgt tba 
htA h 1 btib thiah, and Sk tochaa hag wImii mv, oo 
i inch shorter than the journal ; and the und«r-eap la nada 
5 -ft inehea long under the journal, or inch shorter titaa 
thtr iit-aiin^, F/) that whon tlie brass li.i* worn mu-rh end- 
wi&c, tUe uuder-cap isceires tbo mii* of tlj« jauraal and 
cheeka the play. 

** Whan tba ipnnga are not boliad firmly to tba axlabox, 
it ii aaoaamr thai tha gvidng grooaw of Aa ba* ba M 
leas than 9 inches deep, Wti that tbaf ahonld tiolj flttba 
guard longitudinally.^ 

Tln-ri' i» ^oijiid iltxtrine here, but tlw pnwl.-ifm a.;airut 
end-we*r of tho b.?arinE;s is allnsrether in'ulfieiEnt except for 
very moderate sped". I', is rc-markabli' that tlir rnd-waai; 
aeoording to iit. W. A. Adama, take* plaoa ebiefljr Bail 
thaahoiddar,atl]iaopoBondofthabox. Tbia ia deoMiia 
due to the action of grit, and prorea the advantage of eloa> 
in? the box at the back. Kven in the closely and careftttly 
lit;; i onrrying axicboxes of tho Crewe engines, witli apongta 
to wip« tho jouniala, Mr. Allan found that the grit pene- 
trateil } to } inch from tba aboaldari 

K^riH^fjpriayt.— Fara aiiM ii -f ayaarriagaatba bearing 
or side spriogaaieof ataa1plataa9)]wb<obfOBd, and -A- inib 
thick, except two of thrin, the back and short pUtes, which 
Ar« { inch (hick. Tliese are tliicker because tliey are ont' 
riili' pI-il-'M, and I'i'.ULillv ni:^uii[iort-?il. Or'iinary f]r^t-:lnv' 
caiiiages, with four wbceU. iiavo itiuo plat«« iit tii« eiiie 
springs ; second and third class have ten plates ; passenger 

'■>pj>*8*''*'>' li^** "'I' I '"^ platN. Tbo apringa turn, 
in addition, a teniioiii- plate of wrwigbt ifOb \ ioeb fhleb^ 

placed up^n (!o' bock plato. This tension-plate has eye* 
worked on tli« euiis to take the su^peiidini; linkn, which are 
pinned to them, and to wi.ai an-, by i.i nti -y, called scroll 
irons, then*' Iwinc; nnly plain wrouglit irou brackets bolted to 
the nnderfraiue. The springs, when weighted, are 5 feet 
8 iMfaaa long, tba tanaioa-pbrtaa fi tiat 6 iaobaa to tba 
eentraa, tba aatetl Innt It feet apart oontraa. 

For horseboxoi an ! i-ari'iai;<' irn'-Ii.--<, tlif ?|iriri_'s sh iii?d 
have .lix plates, aiid uiay be o i'mI D inches, <jr i ;«tt long. 

Waggon-springs vary much in all respects. But a flexi- 
bility of 1 inch per ton of load appears to be the moat suit- 
able. Tba plataa may be 3 or S| inches broad, and | incb 
thick. Tha tpan should bo not laaa than i feat 6 imlm 
for alow nniTiing waggons, and diOttId bo S to 31 feat liir 
r(;;alar wa.iL'^'ni!. For a toml of 6 tons 6 ewt,, and the 
waggon-body cxtrti, say b loin in all, W. A. Adams usee, 
as We hare seen, four springs of nSi lbs. of steel each, nndcr 
this load, wbicb girea i tons perepring, and a flexibility of 
i iiMli per t«n. For waggont daalgiied ta oarry heavier loada 
of^ Bay 8 tana, uakuig aboat 10 Imm told, tbo apriqgi 
abmiUb*«a 70 lba.of ilcel. b than (mm i iinb platai 
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am coatemplslsti; if liuuijcr pUtcs he ujoj. mn?h more steel 
is iMMMWy- Some thia-plote aprings weigh 1 12 lbs. 
Ftt IB ipwrti g ttwn «f Um profMrtiM of l«iiiaat«i 
,ii«inay^nfiwto«(iMnriMit«iuipter, pagAStti 



CHAPTB& V. 



AJuaooMM. «r bmfbtii^ an of wnnght inM plikt« 
I tnoh to } 3««b tlitck. Mlti to the inBide of Um aid* aotea ; 

they are of T«ri<'ii-< I'Mriii". a.« slio.vn hy llic illrntridivp 
plat«8. The moot coiiuiicu form h»s been tirU uf a Hva- 
(iiled ligare in outline, vith a peak at the upper end, to em- 
biae* » nUioMDi dtpth «f tiM midar fmm, tk|Mriiif b«low, 
■adillatttlgiit toftm O* ■'lMin,'*HMl MnMiwtlM ucle- 
bn. TlMMaMtwi«AJwtim*to«Ui|lnt ikiiMtllrn 
the aMnfatlim. mi (i <}«(iel«nt in apnaJ. 'FimlMr MqaiM 
to b« tiMlIv <iiitji.i<-i i, to i;ivi-.i {>roper hold for iron Gxiiiga, 
(>«|>o«iaUy wliea it is C'spo^eil to le . eriijfe or wrenching action, 
M in Axle^uariis. Guari!!! an' nun' usustlly made aa in Plate 
XLII., of bar iron 3 inche* broad, doubUtl Bp at tb* fofgo to 
form tfaa gmda* or boniB, nd with rags aftwinoi 21 or 
S nahM bmd, miUad to the guidea aaar thair birtr ends, 
and ourricit ap with • «pread to join tha alda aolaa. The 
guard« are | in-h tlii -k. and are a«cured to the aide aolta 
with i inch bulu uud uuU, three in the bend, and two in eaeh 
wing, malting leven in all; tho extreme bolt* in each goarJ 
majr b« as miub a* S feet aaander, the faiilur apait Uw 
nan aonmaod Hutj hare longitadiaatly ovar Ou wbaab 
vti ailet. LatawBy, thilt atHTniai dapaada «t the depth 
of thair hold apon tlia aida tolaa, and thay ahoald be appNed 

for the wIidIo iltpllu or as inucli o:' it as may bo rujivi'iiieiu. 

Detiddi the tpnitd. lh.e Nlitiilj- of the biiilt.-£u:Biiiiig9 is U> 
b« regarded. If the bolt-liead«, outside, be received merely on 
anMhara, they are likely to work looae in the timber, wtiidi 
firmoeu to rusiit the ttndaii^ of tlia Itolt-holta to 
r orally. The bolt-beada diould be reeaivad opoo lai^o 
waaber-platea, { inch thick, counterparts, in fiKt, of the 
liiariiii' 'lurrai'i.' "I tin- ^u;iril iiKiilc Tin; wa»luT-[iUte«, 
etiibjinjing a large- »ui lata ui taabiir, buat suijii^' uid liruily, 
and keep the bolta tight. For simplicity, and for still 
greater Crmnoss, tho whole area of the side aole at eaeb 
guard should be eovered with one iron shtiat of tha fiill 
depth. Ba.t» whara tha aida lolaa ara platsd mr their 
whola bogth and depth, Ibrtb* general parpoaaa of atrength 
and »iti)|ilu>;«y, an in lln; Gri.jit >'"rll> ul' .Si'otl.iml under- 
frames. no Haiiiei -j.Ui.()9 are rc4uin.-4 M ait, and the best 
|i.j«tihki surucu is afforded for bolt-hold. Thomas Forayth, 
now of WoWrrton, appreciated the advantage of fortify inj^ 
the frame at the aslegturds : iu aome waggon* be designed 
lac tha Edinboigh Mid Qla^pgw Bailw^, ha smk • i inch 
iroB pbta iiiah faito tha araad, on tha taiaida, of tha full 
depth of the side sole, aiuI a.i v'l l' m the guard; it was 
separately bolted with 8 qt 10 tlosh ktraded bolta to the sole, 
and over and through it tlie guard was bolted with other 
» or 10 boita. By ibia plan, tha aak waa riddlad taith bulla, 
bMlhagmid ma thdnn|hl7aagwad,iaibaptat« dipped tha 



guard-botia ; and, accordingly, iu the late accident at the 
foot of Cowlaira indiDa^ when a train of laaM waggons lan 
into the statioa. the gnaida of aoma waggma on thia ooii> 
atraatHHi mm Ibiiad, amengit tha dal»t% to ba afaannd off 

flush with tho lower side of the side solee, whib the i 
parts of the guards remained intact. 

Mr. W. B. A'l:i:ii'! |'n.iji-T*i's lluj U5f? ot av.::li": iriu Im;- 
azleguards, a* U wuuU l^t li^hur and atilior than the flat 
bar*, and would oQer a broader snrface on edge t« the axJa- 
bmc It ia doobtfnl if the rigidity of angle-ituD w adri^ 
able: adate lU«ntok(tieIt7 Itka that whbh aeeompaoies tha 
flat bar is desirable. 

Tho ends of faoh guard are tied together by a strap bolted 
to tlj_Tii. an i -t i-* coinini-n algo to >rr'nn^''t tliv t'.xn L^i-;^r is 
on each mda o! tiio vttiiiclo wilti a li iiirli mund tie rod, 
either in one forging with the straps, or separately belted, 
to atiffen the gwudt and aaaiit tha fnmob Xhe aipueto 
attaafamant ie better than the aontimunu fbiging, aa the 
straps may iu the former ease be more conveniently removed 
when the wheels and axles hare to be taken out; besides, 
when the fuiiiiiiunus 1 ii'^'ii; .' ii rLninvcii, tlir uiiHcr frame 
obeys it* ualiiral ti ncy U:i r:)|luj>-M-, or ]i i^. arnl it is 
trouble«ome tit nplaii' the tie. Some makfi-s .-arry uj> lie- 
rods at flMh aad from tha Koarda to the boffer>beaou, thna 
compbteljr tnuatii^ the widar»lhMBe. Bot the whole thing 
is too line ; the guards, if well made, do not require truss- 
ing, and the frame should be stiffened by the pUtes already 
daMcibed. 



OHAPTEB YL 
BnmiM M» Slaw Sntmn. 

To what ha* already b«<'!i Baid of ilic lutHiiL; nnl Jra-.v- 
B.prings of the carrying ^[nck, it niny In- i4d«4 tiiai, mnuy 
kinds of °priii^; l.ave bi uii thu9 .^nipl >yed. India-rubber 
springs ar« itiucli u>i«d, funned of cireutar disc* of that sub- 
stance strung u|K>n the buffing and draw-rod*. Also, helieal 
and apinl aptiflga, filmed of »fed of ataal Iwiatad into a 
coil or voloto X of which the aettion haa nnally bean eiree- 
lar, but id now mads oval, on John Urowii'.H -.v-iii in, ai i 
wi;i: ailviuiago. Tho "volute" prvtpcr, as made by .Spcu- 
iHtr, is iitade of a plate of steel twitted irio a coii. an i bas 
already been referred to. Cork and otlier ntateriaU have 
baM mad for buffers ; bot thagr aro now ast aaide, and the 
fonn* and matariab abon enanented are thoaa now prinei* 
pally in oeib 



CHAPTER VII. 
BoBua : — Cabbiaob-Uoubs. 
Tnn bediea of earriagee md wapgona are mnallf of weed; 

ihry iv>ti»:sl ;m'i:i ra'ly uf frarti;ii;:=, or tlifletons, clothed 
wilk Uutu^, uad ft6ii<eittuv» Skku with outcido panelling. 
Panelling is employed only in passenger-train slock, as llie 
fnuning eoMisto of many piaeaa of aaiall aeantling, and i«- 
t the pNtortira aSbcded I 
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Tlw iaftrior dkMM of «Arrfaf!«, uni tiM lupgag«-v«iM. m« 

oocMiotmllv "iK'U-frarne.! ; iiul it sppcaru ■consistent ivitti 
(xunmon sciiiie tLat, iti a v;iriablc clmKitu liko that nf Un.Mt 
Ilfil^iu. til? iratiiijig slioiiM bi; cvivLTi'.I III «:itt'r, 
and proinoto (h« oonifurt of paaaengeri, ilio aecarit; of 
luirgage, and the darabilily of the vehicle. In wsggoni, 
the framing is in femr fiamt, ud of laigtt MUlliqg } and 
if wdl put to^ibcr, it daw net raqiitr* th* pptrteotion of 

pftn^lltn^. Iti souim \\;ii:^oii-', r;r*iii[r:; I-* alinoct ttitircly 
dispensed with, aad lim Uuiug Joes •HouLlo duty ; tur uliieli 
puqxwa it is made thicker than nluii 'i d <<ii IVnriiiriL'. 
Wiim this stj'le of conslrnclion can be cunveaieotl^r ud 
■inp^ carried oat, it appears preferable to UmA tagaing ■ 
b MitabMtim it ia ■iiipK Mid Jt k uniliMrHljr HiM^ and 
•hntie. 

ni.Hi^'uii.ils ii.'n'c bi oii !imf!i in< (1 ill l!ii> In-Jv-franiin;:; of 
wjjj^ujis, and occisiiua-lly lu tlial <■( carri;iL,'f^ ; I'mI llif 
pri)prifty of diagonals is qnostlonalili\ I'. rk^i I rl.,-idii v i-. 
not wanted in bodies ; John Bo»s, of Uirrainghaui, reinai ks 
dial Hmj riiould elastieall,r resemble wicker-work. We 
Imt* Btnt obcurrod that diagonaU, as such, an «f the 
diglitMt Qse, except to patch ap framing othcfwit* dafcc- 
r tivp : thcv a]-:o I'ld murli •.!} tliir \vurkiiiiii-vii:r», ar.d it i* 

certain tL.:il, in *]1 i-nsi-s, tlic f.ia.o quijitllv ml liiiilj'wr may 
bs superiorly artan-i i. itrnl qiill do raor<- d.\i\\ iu simple 
lactangular framing, than in aeontpound of re«uu)golar and 
diagonal framing. Braidee, the lining and, in carriages, the 
paMiling, aid matariall/ tv alnogthoi Um fiamii^ 

Ctniaf»-Mim,—Tbma an and* wvtj nwok m vm 
general plan for the narrow gauge, represented by the ex- 
amples in Plate* X X X 1 X.. X L., for the raipectif e cImms of 
carriagv, whicli aro tally dutnlr'il. 'I'l... liodi-'s .irr I S i',-i-t 
long outside, and 7 fuct 4 luclicis wide ; and as tiie luider- 
frame is usually only 6 feci 8 iucheo wide over tho soIv^ or 
8 inolMt Imb liMn tli« body, the latter ia amnUy taraad 
«idar« to ndaea ovaihang ; bat, In M nmm, tin liodj 
■IwbM overhang the nndcrframo by at least i iiicli. .-it the 
sMes and ends, to throw off water. But thf tiirti-uiid< r is 
a iiiL-i'f |irriii'lir.j . \\ is borrortLvl fi-uiii tho uld jirai-tieo nt 
private earriage- building. A flat side \i sinifil-jr and 
dieaprr, and is at Uaat ai atroog. Tha elc ir ii>-ii;!u of the 
bodjr fnm Um floor to liia tipaf at tha oeatn ia about 6 ket, 
•itii 4 to « indMa of a Ml tomurdi tho aidaa. 

Adame* large eight-wheel carriages, Plates XXXVIl , 
XXXVIIl., aro in two 20.feet lemtftlis, 40 feet in all. and 
!> feet wido. 'l\,r Or. at Wc^tnn cairia;.-.-. I'lutc-i X\XI. 
— XXXVI., are 24 to 27 f«ot long, and •i ievt wid«<. 

The framing of carriage-bodiea ia simply designed ; the 
pringifol manbrn baing tho nppor and lowar aida and end 
tailii aoHnaeled hf tin ooniar and iotMnodiala ildo (ullars. 
The Mda pillaia are placed at the partitions and at both 
aide* of the doorways, and also, if neoesaary, at more fro- 
quent intervals for the required strtii,';!i .f the hwif. The 
side framing is bound by intermediate ruls fitted between 
the pillars, so placed a* to receive the joints of the panelling 
and to atilTaB it, and to aany tho )aartar>l(§b(a. Tha and 
«r «lia bodjr.bains and wMkm, ia fiwnad with ap- 
fig^ and tianaretis* battens lapped into each other, and 
■Ortiiad into or lappsd apoo the eor nsr pillan ; tlie np- 



n Tho imf it llmnod vfih rOa fbiad tranafinaljr, to apan 

1 the npper side rails ; and the ribs are arched to aflbfd llMd» 
room inside, and to throw off rain water. 

Tiir ti ioH and end? of uii<tulFvd carriagv-bodies are made 
I up a HKhn iliick, with i incii or 2 iuoh lining, and I inch ; 
, (0 i inch panelling. The pan^Uboarda an Uodtad to the | 

I framing Willi eanmo and gloa i thejr aiagiaaoad into tlw 
lowar afdo and and nlh, aad tfco aontr and doer |iilln*t 
I thry are jump-jointed over the battens, and the joints 
i covered with beads. The edges of the beads, and in general 
..II ]..r"jti'tiiiz cd^;o'i, arc rouu I'.d ul! to dith>J;;9 dost and 
I wat«r. iti iirti eiamt cwrtage* stutJi-ii; is substituted for 
I wood lining. 

Tho floor-beardf an aiiaakad into tlia lowar aidMaila Itaai 
tho nadir alio and atnwod to tham. Tbaj aao navally m 
two f inch thicknes«es, laid diagonally to cross «adi other, 
or lonifitudinally and transversely, and screwed toi^etber. 

d'h-:' I'L.of-Lioard^ art- [ to 1 iiv li thick, and l[i;d lijn['ituJi- 
nally and s<-:e'.i <:d upon Ui« ribs ; (liey itro gitwirud and 
iron-tongni i. d hp boards sliould project over tho a|»per 
raila, to tluow of vatart and a ligiit moaldiag oiay be 
placed in tho aoglo. Thia b bittar tluni dto won vraal 
[dan. nf f]ii;»1itng the boarding flush with the npper rails, 
and addiiii^- a i,-nmiee moulding to project, as this gives a 
joint for the if '.tnti m uf water, which rits thv ufijwr rails. 
The roof is cororsd with ox-hidM stretched tightly over it, 
or stout f MTMi. mil saturatod with white lead ; ox-hide is 
■nptrior to eanaaaa takan Ivg|((* » to bo earriad na tha 
roof. Tho oovorinf It ta wid ofor at t^ adgaa of tho iaa(^ 
ing and fastoned under tb« cornice moQlding*. 

The Ore«t Western carriaj^-bodieo, of the third otasi, 
aro inadi^ of bUci'l iron. Xo. )1. wire gaug^ ftaBMd Vlth 
angle iton, aa shown in Piat« XXXIV. 

Fawih dhaa earriageo are made so mueh in the style of 
open wtgggany that it io neodlaaa fproialiy to d«a«riba the* 
in damiL Thtf an mmly higb*ddod amfgou^ with a 
' few partition-rails inside, and bordered with a fence rail to 
I keep the passengers from falling out. In this ooantry. and 
wllU tlio [ircsmt railway !|"j-L'd!. ojH>:i lll]c^■v.^rod carriaj'fl 
j aro barbarous, and aro barely til fur (h« lowest oiMH!* of 
' passengers. 

Aa to intariorammMnent, tlw fiiat ohwa bodj ia uaalljr 
dioldod Into thno aoaipartmanta, mnM ni ' i ngoaah 6 fcot loag 

on the out»id« ; with double rows of seats transversely, par- 
titioned off with elbow-reots for three persons abreast, and 
recoivin.; i:i all IS [ia»si-ii;;i'r5. .S..i-oiid clai" bttdii'n are 
divided ititu lour couipartnieuts, of which the altemata par- 
' titions are in aoaio flMB oarried up oo\j to tho level of the 
I shoulden. Thoointa an d i tfowd tautttani^, taw in aaih 
' eompartaiaBl, and thojr nottva 4 poiaoBt Io eaab atat, or 

j 32 |>asaengers in all. 

Third class bodies are arranged variously, oanally in one 
apartment wi'h isral.^- arraiii;..'d nlmi' th<? nidci' and vrnl*, 
and a do4ibIe seat down the midiile. Omliis pidii. tho liody 
shoald In 8 1m( «rida. Allowing at least 16 inclieis nidih 
of seat pir paainfar, which ia tho omalltat width atlowad 
by low, thia plan oftUid alan iwdvta 44 pmona t andt f 
the body l>e made 6 inches longer, or 1 8 feet 6 inches in all, 
it woold bold 48 persons. But it is desinble to haro all 
tho elaiMa olaam^ar uUbim width, iigr 7 fbat 4 InttoB 
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outc' Iv , under Uiie limtUtiaa the itileriur majr bo Mraoged 
I > " > niipirlaoili, vith tnonow imIii, m k phto 40, 
tolH^SSpmaiwi or*tfw ■Moad itaw imiiiBMiMiit 017 
tealajitod, with fiw doan in fMh tida; taah a«t vanid 

bold 5 pcnona. ^iTing a total of 40 poMougera. 

Saloon carriage* uiav, nf «our$<i. bo pl*m>ed »»riou»)y, m 
in AJ.nn.i' long carriai'i', l'l:iti: XXW'II., nn ! oiinT-.i i»<i. 
The i>aatueM pablic appear geuerailjr to prefer the ordinary 
parti lioa«d earTiaj;e. 

ItKnUaig p«atH>fl«ta ata aat oaA ta naal tha laqniMiaapta 
of tba daputnunt to wfaiah tliC7 Mas;. 

The lining and aeal eusliions of firet c1a.is carnages are 
of eloth, and are stufTrd with enrled horse liair. Tlie 
ciislji.ms are, in some injtanw-S, [ilinvl :i rtunibor of 

(■nail spiral etc*! springs, to improrc' ij -n-i^f t!it>ir 

action. The glasa-framM in the donrs aro .imi, i;lv =t.i> o 1 
b/atcel sprin;:*, to p(«T«nt their paUcring in tbo di>or-»tvles. 
Th« best opplicatiali of tba aprin^ ibr thin purpo*e ajiprarK 
to bo Slater'* pbiu, iu whiff!) .1 l';.r of ssino is interposed 
between tlie .iprini;* and the gla«s-lrainsa, acting as a slide 
upon tho iiiuw, and uldng aff tha abMrp frialtM af tha 

tipa ol tilt spring*.* 

b Snt claxs carriages, the floors are carpeted in *an)mcr, 
taA wn mmUf laid with moUau rnga is winter. Hal 
•mpandtn ara find iniida tba not and mtptatlat ttr nm- 

bn>lla», &«., made of note hung upon urif fitiv) to the 
upper part of the WlrtiHonn. nbovo the eUtya-ivais. 

Rod;' i.ii;i|i.-. kIiohI I ,i ]i. u;i r;irriBge», to light them 

up in tunntU and at sDgijt. Tbe^' are, in some eases, denied 
to (bird class passengers, on tba valgwr and inhumano prin- 
ciple adoptad b/ aoua nihny caiapMii«i^ that tba hmar 
priced aontrajaawabauU banada aoildsatljr mteomfbrtalib 
to drive tlioae who can pay into a superior c1a>4 <>f <;,>rr':t-(- 
those wtio remain thron;h inability to pay more iu iituciey, 
being made to pay ir. im- uivenicnce and suffering. Roof- 
lamp protectors of sheet iron, outside lomp-inoi^ inm atajM 
to tlio roof, and other furnishings, ana nppBad m OMJ ba 
iw^nind for tba poipoaat af tba tiaffia. 

Hanehonaaranudawitb atallaMNailfa thna bama. 
Tbdr length is regulated by that of a horse, aiul it n-iy- 
plemente<l witli two dojr-bo»e», one at each ei: 1, useful fin- 
c.irryini; dvy^f ar.J liainc2 = . The full Iviirlh so olitaiucil 
makes a reasonably long uiiderframe, with wh««is proporiy 
apart br Itoady running. It so bappns, ineonveniently in 
tbia rtapaet, that boraeboxes, to ba raadiljr onaaapM at tba 
proper atationa, ara in general plaaed at tba end af tba 
train, whore there is most Uli rty fi<i- iiiiiteady carria^^'s ; 
thus, a proper l«D^i!) of whutsl-Uuo ia iodispeosable fuc 
horsebixe?. 

The same remark is applicable to earriage-traaka, BOt 
only on account of their position, but also becausa thi|y ara 
Ji(bl in tbanaalf ai, and thair burdana ara light. 

HataabaMtahaoM ba paddad bnida tba atalla, aod ftaa 
fian aosalariliaa, topmwt danaga to tbaannnbahaiild 



• Ha dlMalsh Um fiistioa of iIm spriujfn opno thr dnor-»tf Ics, above 
nhRldt«bWiq|ht«ndtamgattlbNtwWtHuIlfrictian.rollers. The 
■MB fti)|tt ta ail tbtok aad Iba lallaw cbbnjHxl iu the perfanoance 
atihdrda^ t baaei Aa aaawof » Cli«|jm tHida" br wbiili tbsts 
aprii^i baia bsra bnoaa* 



I they t>s r«it4i%'(«, or in otiier ways be loiodtad aboBt. Padd' 
tng is applied at the sidos, tba lnnk. tba InNit, md M tba 
foaf abava tba boiaa'a baad. 
ftwi a g Mim fcaarahHfcr tbabwhala I«nf>tb with two 
I tram-ways of iron plate, U> reeoive th.' wheels of the Tehide. 
: The vehicle ia looked by two imia lnii across and pinned 
down to the upper edges of the side«, made with forks to 
: take one of the fore and the hind wheel*. The wbasb ai« 
also strapped to the sidM, the poll of tba atnp* being mt- 
, wards so aa to ilack tba wbaalaaff tba atiaih and pretimt tba 
i lieatingoftha«a]aab]rtbaconitiiitribMili«iliniiitb«niotien 
I of tba train. 



CHAPTER VIII. 
BuciEd OS Waoooxa. 

Tu badiaa of namw guga waggana ara aiada from 19 ftel 

6 iuchca to 17 feet long, according to the load whioh they 
are designed to earry. Six tons imr waj^ron is an ordinary 
regulation-load, for whicSi liie l, nL;ili is l.j i.-i t G inclias. 
Uat, as the dead weight d tlio \v.i[.'^an inereuea much mora 
slowly than tli« capacity f>r ^"<. I;, it ia tboagbt advlMMa 
to bate them of a gnatar length, 16 feel, to eany • tana, 
Tht width ia datannbied hr lite mode of flofwlraetlen of the 
sides, and is generalSy J'liut 7 t ti G iiu-hos 1 1 7 fci-i S indie*, 
llodies are mude both ul wouil iui oi' Hh>?c-t i ton . 1 1 of wood, 
frame<l, iln' Imin:; is oaoally li ju.-li lliii'k : if liu'Jt, it 
ia in battens 'It to 2i inch thick, or even 3 inches. Hheet 
iron lining, on a wood framing, may be No. 12 wire-«rMi*e^ 
or ntaHjr i inch tbiek ; whan built np with rinttad joint* 
and orerii^ H ia ,Viaeb to ( tn«h thick, fai whieb caaa tba 

' ioiiit* tluiiil i ho nultf t. to sthT-ii ihoMi. \V. B. Adantc^ 
suiil lli'jisrrii. oiiiploy C'jrnu'atcJ uli.?ot irun, and ri.>i|uire len 

' frajiiiii.' vDiii :t , Imt they ilithT in iht-ir mode of uaiog it, 

I Henwra using oorrugstions 4 inches pitch, and Adams pre* 
ferring narrow eorrogatieoa ImB than 1 inch pitch. 

Varidtti ntodeaaf wa fig c a aa m lmetion araabowa ia Platca 
XL1I.— XLVUn and tba drawings are in ntb aia pl i ta 
detail aa to render nnnaMMMyan; apattnntia muMnitiaa 
of their eoi)t4!int«. 

I 0|jc-ii hex waic^Mfls have plain side* and end*, usually 
about 2 fiwt deep ; made with or withont doors in the sidse, 
aa the nature of the Iraffio may require. Di^orways and 
doon abaald ba ntoidad aa mnch aa ua/ ba^ a* tbcj add la 

I tba wotkmaaabip, and wadkan (ba wBjigan. They ihevW 

iicvnr hv rna:!e in tlio til l*, aa a eolid end i? essrr.tiul for pro- 
perly wiilifl.HKllii:^ ihd vinten^e due to (uMiicaly stepping and 
starling, hy tlii' ooiKuiSfioii or i>rriiJiuri> of goods. Two exam- 
ple* of box-waggooa oeour m Hales XLll.,X LI II., with and 
without door*. In the fir*t example, pillars, 4 inch** square, 
an applied and boltad to the nndccfraaaCsrito whole depth, 
to stiiliNi the enda aad the aide at the doorway. External 
fastening in this way is stronger and cii'iicr.viAo b''ttrr tlktii 
mortising, for the principal upright meniber*. .-is tin' (iiiili»r^ 
are c-cil up, MAter <■> If^* li;iliii' l > l.i i,'e, ihi^ i lmiri- 
of decay is less. Kach piUar is fixed to the undertime 
with a wrought iron staple embracing it, with wings for two 
I boll* ihroegh the fraae; and at the low*r end* with one bolt, 
I paacad thn^gbalaigeeaatlMamabar-plata^efnidndiat 
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■aad by W. B. Adaaw,with fins U> clip tli« si<lr« of the pillars 
Mid«hNkl]w<*iid«aay to^lik Tto oonwn of Ui« bodj 
•m mvtni wMt «a« |£it*, I inch thi«1c, for lb* wM» 6»fth. 

Til's ;ii Icf.cr tli:i" 'iii>' i>u;iiljfr cf Uohted straps, as it binds 
the kiJ/ iiiU' g»e ^iCL-a, ami the coruor joints can not work 
loutc orabraid. Conier-pliUes won (ir»l applied in tliia way 
by H. H. HflOBOU,*! in Plat* XLIU. The orering consists 
of aogi* iron 2i inch X Si inch x { inch, which protects the 
tiubar, and MiMdanbly uiffeM Iha body. H«im«'« vnr- 
ing U • flat Iwr t imb«s by { inch. 

The cattle-waggoo, Pl.n.' XLII.. i x. ni|.!;f'es v.Lii may 
be called the peqienciicu^itr nljU ci wuggau-irLliitodiire. 
DiajjoiinU are abandoned, and the pillars arc finnly attached 
lo Um undetvCnuoa, alnadjr daccribed in the open box 
waggon. Bam* piMt, mA boond together by rails at tho 
Diiddlo andltiw fop. Tbay ira fiirtlMr atrnttad m lha Iowm' 
«ii.l, by batten wall fitted between them and belled to tbe 
under-frajue, which absolutely jirMoni iny t n.s. ncs^ 
Thuae struts aupvracdv the sUjiUa uj>(»licJ lui lUii fjuun pur- 
posc in the open waggnn- The pillars being thus finnly 
bound at tbe bottooi, they are inoapable of dieplacenient 
uiilaaa tbey break aenes % and tbiii ftrm btadtng evptnedes 
dtagonala for stiQeniag;. Simple ooniaritnipaof inmSiMbee 
hj I Inch, are applied at the upper and middle ndk, and at 
tlu^ Vr.;i'i- , tliu luijiilo :ii ner 8tra|» at each end of the 
body, ^ri: ji/iucU by a i>ua}> i incli thick, pa8««d along the 
middle end rait, and binding the end franiiog. To increase its 
power of r««i>taoee lo tbe thfstta endwiae, by tbe swaying 
gfeattle or otber moeaUagBoda is tbnMfigoa, the middle 
end tail ia builiad oat btriaaMally towanb tba middle, to • 
<l«t>»»gm«nt«t fbirm. The middle end pillare are mortlaed 
ihtc lilt- 1,] r end rails. Upon thi' wli il •. it is apparent tint 
llm cud Ir^uiiog ol these wazgons is suitably designed to 
rt'ccive and r«3i»t the longitudinal strains lo which they nr4 
espoeed. Tbe side pillare an oo^ nortiaed into the upper 
mde-raila, aa tbe lateral aetioo npw dm ia imI great. 

TbotetfiBf of waggons is of battenatl «t S imihaa tbiek ; 
U abenld be laid longitudinally, and tbeuld be let in flnih 
witli tlic silk' and tiv.l 'hiir^ <>( tliL- uuiliT-friiiib', liaTin" its 
buAi'iiig upkiL ilis iiitei'iur iiiciiiUurs iiie tVaine, and upon 
nrlateii formed on the inner edges of the end bora. In this 
waijr, tbe flooriiig roatetkal^ atiffena tbe ander-fmrne. In 
eoMNdtiiggana, the Hooting ia hid obw and inwlomiNd. 
In open naggau^ lod «lk«Mi aa «attb«aB«n, nqairing to 
bo drained, aome of tbe f eor iMttent are laid I Htefa apart, 
to pass the water. The better way is to p.'iot< tliitit close, 
and iron-tongue thein, to secure the stiifness thus obtained ; 
and to bore drain-holes at suitsblo ioterrala, and fit them 
with cast-iron foaolea hamng n watermjr abont 1 ineh 
diameter, flneh wilk thaspptrnidnaftbt floor iod piqottiiig 
bekw tba nndar aida lo draw the water aionr oR The 
dnunage ia that moro eotnplete, as the wafer ie not per- 
mitted to loiter about the under side of the floor-boards. 

In the designing of the open box and cattle waggons, 
Plate XLII., it has been studied to dispense with hammered 
iron work ae mueh aa aeemed pnoticahle; and to ineai« 
tbe neeeeo8i7 atnagUi, bj iinfia and direct aombinationi, 
and the froo uae of soiled inm. 

The principleeobatrvad in the eontmetiea of tbe waggons 
wbieb bnva jnet baon diaanaiad m of fomnl applieatioii 



to all varioties of wags^ns. It may only now be added that 
tbe eapotad MirfMeti or of timber, eubieel to wear. 
abiMkn,orvielaiMa,aboablbapfolaalad k^ ifoaatnpaor 
by angb Snn. as may be most suitable t aa it 4oeiMl^ni 
and on Che oppcr edgrs of open waggona. HeHiaoe and 
\ tenons should be mapliitio-niiido to iii;ik<' [I'Tfvrt, fit, and 
should be pat together wii.U wlulu l«a4 uid iron-pinned. 
No aaik should be oaed in any part of tbe framing of a 
earriaga or wa|(goa « aorem atone ehooU be uaad, for ibej 
•nddoaotqlitaavaod. 



OHAPl'ER IX. 

To put a railway train into motion, requires the expenditnre 
of a considerably gri ll - r f^n'o tbuii i« ro juir j 1 i t keep up 
the mutiou while ruuuia^; thitt is, euppuiiig tlt» line to lie 
a level plane without irregular surface. Hut circumstancts 
might exiat in wbieb tlie fares of staiting mij^t be less than 
that raqured bi nuning. For enamiJat the train night 
etart down au incline, aid eeatinue tn ran op aa iadinc^ ar 
along a very rough and nneren road, in wbteh eaeethe inHbd 
force might be le«; tliu:i tli eni^t'iiit f ri \ t*j» a steep 
iucliuo or over a very biul cu<id, it. might hapjHju Uiat m ini- 
tial force or momentum existed in the train, which would be 
consiaDtljr, in boiee-pbraee, '^•t tbe eolbtr :" that is, tbe mo- 
rn en t th* ai^^ oaaood to pall, tim train woald emae to mete. 

Bat • tiaia ia my rapid aMlko ponwppoaM a tolerably 
good road, in wbieb tbe initial momeatnm te net Materially 
abeorbed. Where frequent stoppages are required, it is de- 
sirable to use oonaiderable speed, in order to make up fur tlie 
stoppages, and, (herefure, considerable monmntum has to bo 
abeorbed at each atopji^e, or prarioaa to tbe eloppi^ To 
ospond tbe nomentam at tbe atoppafo aadden l y, wvnid be 
«iai«almt to a violenl blow, and theMfrw a rcurdiug pro- 
eera mnet be retorted to, to expend the momentum gradually 
previous to the stoppage. 

There is one obviously simple liieaita at abiiurbing the 
niuinenluiu — making the train run np an incline previous to 
stopping, csoaiiig tbe gravity of the train gradually to ex. 
peod tbe nwnnntan, aoa rnawajy Imaa ia aloppad by air 
pending Ua pomr ia muibtg np bilL 

Dnt then ave many eaaoa in wbkh thie woaM be beaa- 
venient or impracticable, and tltn Tors the practice has olv 
tained of absorbing the momentum by friction. The pre- 
valent rule lias been to apply the friction apparently to the 
wbeele, but in reality lo cmuo friction to take plaoa between 
die wbotla and nik The brakea, iint ralaidiag and tbaa 
stepping the iriMak aeanrt diam into a bad kind of sledge 
with a very small eorfiiee, tbe reoult being to grind fiat 
pkci'» iji) (lie surfuof of t!if wIii'i'U, I'l ilrive the rails for- 
waril iiul ut llwit eUairj, and to oat away the surfaces of the 
rails and work out hoUoM at tbe rail jointa. An examina- 
tion of tbe raile near atoppiag att.lnna, will abmr the mneb 
more rapid aroar eaiaQigtlMradNm on alharpordana aftha 
liae. 



> Tbaanthar is iadoMad to tbUehapHr te Mr. W. B. 
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Tiiv Mrliest wheel brakes used on raiiwa^a wero probably 
of a Terv simple kiD<l — • |>i«M of timber pul through the 
apokM of tkt wIimIi to arrat ibm moUitioni and itill 
UMd, tr tba writer be wnwU^ iaiwmtd, m tit* UdMy in- 

cline, ia an impromptu resoarco wlivu a waggon without a 
brake happens to be ill the train. This is analogous to the 
pix)c«is of lying a lup-j lu ila' tpiikL' oi tlic wlii ti of n ln^li- 
wi^ vdiieU wluit tb« drogsbui^ uiuiiiug. But m lw»v 
fiM««o(tiiMlMrtM awkward aod not always at hand, the 
mat Mtp in pagtmi wat atUiiMdi. via., 6>»timing a heavy 
iraa kvw to flwdda Hut wtggoa, natia^Mi a euiU* and 
with a wood block fastened to the ehort end to press on the 
whe«l, wlioii the lonir end waa reliflved from ita supporting 
IiuOa. an;i the wt'i^liL ni.^'ici lo [hiL'ts dowiiwarJs. Tin* kii^l 
of brake n>:iy .i; •me b« said U> Ihi a«ll-act4Ug, in so litr 

thai when ODCv applied, it hsa no tendency to relieve the pres- 
Mia W tha wiiMl till tha bnk» Uaek ba wmn oat, anleaa 
iha wM ba ato|ipad. It ia tha Ittni af hrtka atoMMt wda- 
•ively applied u> wag^'ons. [See Plates XLIli. — XLVII.] 

The next kind of brake is, in its principle, the same as 
the forejoinj, viz., prf«sLiiL,' a licfk h jml ;4jaiu>t the 
wheels, though noi in its application. Four wood blocks 
are suspended hif koa 'hlMgm Uom tha Irama of tha car- 
riafCt by a tiaiiavaiaa dialtMHUiaritad to thniitio|f nMbb and 
wbith Ttvalfw by tMum «f a lavar at right aaglia, and » 
bell-crank eonneet«d with a rerticsl screw turned by the 
guard of the train, the foor blocks are forced against the 
wheels, and \i iIil uuli mi nf tin ^. ri-w were oonlium/J, th.- 
blocks inij;ht b« woru out li ikn iwutuiion of tb<.< wiievl 
were not stop|»ed. 

Apart from tha evil af grindii^ flat pUeaa on the wheels 
by stopping them, thk brake kaa anatkar dlaadvaougv. 
It makes the frame aud the wheel a rigid connection, and 
stops the action of the springs. But this kind of brake has 
been miT'- u^L\i tiniii ;inv (iih"r. The wiaaa af aachani- 
cally api'lv i::; it. hare been rarioua. 

On tliL' (iivnt Western Bailwa^, where the wheak of 
aooM of the aiz-whael eairi^ia inw Taijr tleaa tegathar, a 
Ttijr aimple node of appUeato waa oaed. A pair of 
thrusting bars, one connected to each block, were attaolied 
by their centres at an anj^lo of about 45 degrees. A ver- 
tical »».Ttw Uiirlicil iir;iiipiliali:ly it-i\r by tlii' i;ii.iril cjf iIh; 

trftin »itliiti till' varnage, dicnv tiic tlirosting bars to a more 
ul cusi' :iri^le, and thus forced the blocks tfftttltt tha wlioeia. 
Tha aiachaoaeal actioa thaa obtained waa naia pomrfol, bat 
tkedalmtor tbaeaaoaatioB kotwaio tha whoib aadJnow 
preventing the action of tba tfl^B^ mnainad the aania ao 
in the foniivr eumplo. 

There is a considerable disadvautu^i- m lUr .^-livu M 
these brakes, inasmuch aa the strain oi ttie reautance to the 
preeanre is thrown npon the axle-bearings, and may tend to 
iime the Journal agaimt the eiat-jna, and aappoatag thia 
objection laaiovad, there ia a tendanaj to atrain the aile 
guards. This probably gave rise to the brakes nipping lioth \ 
tides of the wheel, eometimce called the tender-brakr. This is | 
acted on by rods i>i--.i"r.L' out Ixitii flidti of liie wIkh-Lh, atnJ 
pulling the blocks against theu) at each aide of the periphery. 
[Plate XXXV. J Tliie 1mka» like tha fonaaiaff, iatpadta 
tbe action of the apriagiL 

With a flaw to aotaliaiato the j«iTu« aafion pndaaad 



by Uto appticaiion of u^xkMiIocIci i<> tli" vvlieels. Mr. Joaeph 
Beattie, about the ye.^i- iSiO, rtp|jlit;'J a [Peculiar biake^loiik, 
formed of a pioM of elaatie ateol, armed with a aarlaca af 
platted btmp,wkidi taking a giadnal bsaring, pcavanted the 
sndden snatch aomaihMa tak«g plaae with tha oounion 

wood blocks. 

.\m ;fLt lr,irtii/n of a ;ani.iL'>:-l»r;i'a.c fi>i- tSo purpose of r*- 
t»rdiiig u train di-peuds iuatttriaUy ou tUo weight of tha 
carriage, it waa the cuatom to apply the brakes for thognaide 
of tha tmina to the fiiaUoUHa caniagee, beoause tliey were 
the hoaviML Wfcon the elattie aatioa of the springs wae 
stopped by the application of the usual lian;>ingbrake«, and 
the jar waa thus oommunieated to tlio body, it was of 
courvi' virv aiiiioviiig I'l :lio pisfiigtr*, ati] it iiiav be 
added, that the safety of the wneele m> tits nk;'.> ulso 
lessened by the practice. For this reason Mr. Is'allicaiiel 
Wondell, aboDt tha yaar 183S, tamed hia attanttoa to the 
praatieabaity of appljingbrahN to the wfcetb without diroet 
contact with the body. The result of this was the brake 
known as the " slide brake," consistinc of a straight flat 
Ivii- i>ii 1 null jilii' iif tho ivirrinu-ij. spu-.iniii_- tlio a\li't>.ixo5. and 

carry Ui^; a pair ol' w 1 hlorka, with iron-br.ii«k«t« lo slide 

on the bar. Tlie t/Ucnu wore operated npon by the screw 
sad ierar notion in tha uaaal mannnr. Thia brake fallila 
the aoBditloaa of rtmoviog the jar from tko bodj, and aiao 
prevonta tlw strain on the axle-guarda, bat it leaveii un- 
touched the difficalty arising fnMO fisning tha jouraaU 
a-ain>L tnr brariii^is and also that of dBni^;lBg the tyiaa hy 
grinding tlal |>iaces on them. 

If we advert to the practice of retarding on highways, ah 
rareljr fiad tlia piaotieo obtain of oonvartiiig the wiieei 
iisalf into a aladge by preventing ito ravalatkn. Tko nnial 
plan ia to pot a aho« or sledge beneath the wheel, which 
liolda it down, and the friction ia thus transferred to the 
aled^'i', .ltd tlif 1 \ rif iri r*a\i-ii lioiii tlii.-nn^i', 

A p«rt3t>piion ui ibe advuua|;i.-s thus obteint 1 on high- 
ways, led to various attempts to imitate the shoe on railways. 
Mr. Leo obtained a patent ftr a brake of thia kind in the 
year 1841. eonaialiig af an iiwbkMfcliaed to a iMPar with 
ito fiilomm on the atta^ ao aa to kriaig tka blaek nadw tka 
wheel OS required. 

It ii L'ltar tliat if lliis IrniLe wDn; iti .'r'-ilU of '.iio wlitii, 
and touching it, the t«u<ieiicy would be fur ilia whwl to run 
on it if H kad apace. If it were behind the wheel, a ooD- 
pntaaia BUMt be kipt tipbgr tkagaard. finttbera 
keaaanidaiaMadiiadvantagaifaaadinfioat. If it 
descended Itetween the rail and wheel, the eSeet would Iw 
Uiat of a sodden Jerk, always dangerooa at high speeds on 
raiUiiis -. On till! lii:;li«uv, tin; i-.'trria_'i- stopa to liavo the 
drag -shoe put on, and also to have it taken off, but it would 
not b« canfaniaBttoatopaiallmjrtMtaMpntoaertaka 
off brakea. 

TheprkieiplaevidaDtlyainMdatin thiakcnkai^bjrmaaBB 

of an eoMBtrte movonant on the axla4Mtt, tooana alaigt 

shoe to approaeh to or recede from the wheel and rail, or both. 
Bat thf application at the <inii of 3 U'vt^r is ditadvaiitageou*. 

A vanety of thiii bralu, kuowu a« Uaudley'a biake, with 
double blooks and levers, has been used to some extent. 

In the year IMS, Mr. Bodoier patented a brake to bear 
^^nattha whailaandraiii^partknlaHyaidiptadtoaiitidari 
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but which, instead of boing su»p»nde<l to the axles, as in 
tiM eiMI ot Lm'« MMi Handley'i brakes, are suspended from 
tiw body <( the trndWi which ia six-wh»a1ed, a sledge being 
placed betWMDIMlipair of wheel*. TlMlla^gWblMriSDlllll- 
ber, are proftdad with flanges simibrto tihdM of tiMwkMit, 
nnd are some inches shorter than the 'ti-?) kii 'i- birtwMQ the 
wheels. Knnekle-joinled lovere were aj>pli«ii between tlie 
frain* and tlie sledges, similarly to Ooocli's brake [Plate 
VII I.J, and by straighteniqg thsM Wrws by the screw- 
awtiom tbo sledges are foratd down on lb* laili. There is 
k UMlMBiad olilMtiM i» On* ImlM, tfM» it «•!• nui^ 
a* My off Ibowbeob it Oo mm tidto «li*t it aeotaliM 
them. 

In Gaoeh's modo of iiiakiuj; the bodjr Kstl uu the aluii^os 
without tlie inlPrreDlioD of springs, mischief ia done botli 
to llie inacliinery and road war, and a less staady aad less 
mt» friction is induced. 

DiiMtiiM wiOi ill On bidUM J» lidL iMH^ « Ut folfil- 
ling tho wlulo of tb* nqwaita condiUom, vis.: — 6r«t, to 

convert the oart'.'r»e ir:'.ij .1 'Ii!,I;:c fi'i,iii a ni'IIiiit; ln>iiy; 
secondly, not in any nay U/ iuUiilai^ Hilti tlj«i iictiou of 
the springs ; thirdly, to get the whole of the insistent 
weight to bear on the sledges; foorthly, not to iiit«fere 
with the action of the whaals, or in aojr way to rab Uw aoiw 
Umot tbotjiwi ud, IftUj, towoik iaoitlMr dimtian; tbo 
writer sat hbnnlf to imrb in IMS to prodoM » broko eor- 

respoii't'-'i: t.i icqiil'.iti/H. TIic rfs.itt was rjs t'.lliV.v^: — 

The t«>u ikxk-liuxcs were connected together on each ^tUe by 
a powerful horizontal bar. The sledgrs liauged at tbo lower 
•Id* were connected to the bar by joioted ban, liico A pON 
■IM rulwr. One of the** ban is pnlongod iipmidt, and 
Mmt for a lever acted oa Igr tb* nd aad balbttani^ bmif 
ptosvotad by a stop from woltibig too &r. 

This brake fnllllt' ! nil the re<{nisito L-in liilons, bat it 
fulfilled tho last one— working in either dircclion — imper- 
fectly. Running in on* direction, tho action on the rail 
would tend to keap ibo aladgaa op (0 ttaoir week witbont 
mach strain on tbo awik. Brt ilt«nriiigf tho nrnminf, 
tbanwosM basamlnftaatliinMBdiig toUftttoala^gM 
fr«m the rail. 

Tu ri.'illtily tlii.^ iJilliini'iy, tin- writer, in tlie vc.ir 1 S."l, de- 
vL^c^l t»i> other plana, both indepeiatieiit. af Ui« body, and 
tiotli Lwlculated for riniDiog in either direction. In one plan 
a b«r conooeta tbo axle-boxes on aoeb aido e( tbo oatriago. 
Totbiabaranbbigodibealedga^ai^wnatbir. EmIi 
pnirofaMfwi* connected by * «Maa bar If M nil illba 
and, lb* ban being very strong and tMiMibf to tb* «etrtre, 
wlieri! ;i rovolv:-.!^. isot is attached to eaeh. Through these 
uau ar« iii««rt«d a longitudinal bar, with screw'thrust* on 
its right and left. As the rod is turned in one direction by 
n a of tbo ofdioaij gtta(d*a uMt, tbo aMfio appttoooh 
laafa olbar n pwn, and dcMnd span tha nil with man or 
liwpiMiina»«an«irboiMind. WhoD «ho bw io tamad 
in flia oppoait* dtnction tb* aladgai ria*. 

Till! arr.iiiL'iMinnl fulfils all l!u' cntnlilions required. It 
dunit uol iu iuiv way tuterlere witlt t>li« a>itiui> uf the spring*, 
for the body ran rise and fall on the vertical shaft worked by 
tho guard, Um irbaal-tjr*a on iMttoaeb*d,th* wbol* of tb* 
iuittaBttaaigfatiaaathaiiadgN. Uadat^bMri^gpanpio- 
Tidad to tbo bona to tdw tho^sHudpninivvbaiitbo 



sledges lift the wheels, .1:1 1 '.'10 sledges mar either hoTO 
flanges to them, or stops may bo placed to limit the rise. 

The other variety of sle<lgo brake [ Plates XL. and XLI.Jj 
pndiM«aa«iiiibirn*alt.biitiawioaiuiitaaotioB. ^otm 
oiMiotao ato aeaoaet«d tosstbar hy » bariaantal bar aimi- 
larly to the onlin iry >rrli -f»rakc. But the bar if f rni' il 
into an anelf l.' i^if' tlm ti 'wcniliniy portions. On these 
de5.:c:iJiiiu' (vjrtii ii; il^iL-dif slLidL'c-^. When sliding in th* 
dowDwant direction tliey ai^rooeh tb* rail, and in the up- 
ward dii-ectioB tb*y ncodo Cmn the rail. Two levers are 
attaabadb/aantnototboboiiMntalbor. Tbaloarartado 
of tluia Imom aio attasibad to tb* hedges br alottad fiwka, 

working on p'^i-? t" I'n^n.nt Um ri»n nu l ull. Ti.c upper 
ends of tho U vti'a uts cvumtcUnl W Iwusj'jji rnJa, wliicb. 
when acted on by the lever and screw motion, set the aled!;e« 
on to the raiL Tho opposite action lifts the sledges ap- 
wards. The levers and the sledgos are eono*«t*d to tlMW 
on tliaoppaailo«dob7aroNbBf8,aadtlioBoUa*tiaaiiiioB. 

It will bo aesn thot tbia brake seta witii th* earriago 
running in f-rlicr 4 n'' ii.n. TJn-i'i is ;i ti'ii'li'T.i-y in the 
frietioi) on the li., i« lU't thL> two tu;i\.4i.l lui Uier* 

is a counteracting tendency to keep the two hinder ones to 
their work, so tliat th* action ia baknosd. Tba aiadgn 
are not inteitded to toocfa the wbtala, but tbaj flioy il 
preferred t but h woald bo m dbadriinta^. 

Apart fnni tbo qtuatioa of obtaining ret-irding ftiotlM 
j between the wheel L-.i. t i;i-l, or el an l n.ii. ll.cr* is 
I nnothrr eonsideratiuti. m tu ihc tuist mode oi appiyiitg the 
j friction, whether by the agency of the human hand, or by 
(bo fore* of tbo monentum. If applied by band, il is 
oaasotlal, at laoMvItb poaaimar titina, that there aboald 
bo • aaponrto btilaama to mmj bnha. Tbia waold 
ioraleo espsnaot and for tMs and otbar noaona tt liaa 

often been pr ([mf.rd to iii!iT>v Iriiko., Fflf-aotini;, ^ml iin.Ti; 
than oneo expcriiiivnliiiiy prsciiiseHl. It is u':Li:irLy ,i> rnt- 
plislied by iii«.'\ns of the buffer-rods. Wl>eii tiir 'pvcd of 
tba sqgino is ehecke<l, the trsim eoUapMa in Uogth by tba 
alidiig in of the boffer-roda. V» Um mU «f iho bailie 
nda uaallMM lovaii «Uah Mt an tbo hnfcaa, aid bring 
tb«m in eontaot with th* wbaala. Baft if tbti b* dono 
riu'i'l iin.veinfiit, wiiliout l-1:ih'.:i! compensation, the result 
will ins 3t jumping acliou, eiiiaugering breakage and getting 
oB the lino. 

iSow, it is elsor tbai on tbo aalf«cting prlnoiplo tiM < 
aaiioa of tbabrahao Riaaldfpiiidon tboatnkoof tb*bal» 
ndi botM tUs nriaawith tbo momentum and weight of 
tlu diflbrant porta of tho tnin. to get a good adjostmeac 

thfi siiiiM^s wliioli ]>ru>i:iu till' cinsiii' iMiii[>i':i«rtt lull vught 
to vary in streagtli — strongest next the engiu«, ivn4 laasen- 
' ing towards th« tail of the train. But it ia evident that 
the pnetieol making op of railwaiy tniaa will psnnitof no 
aaohnioafy. 

ftap p aai^ ihM tbo bnha* «m aaly mdo Hil^wtiBg 
with th* cslrsmo attobo «f tbo bofllMMod, that eotiM aoty 

take pl.ii'o Ly tin? si;ililc:i riHArilatioTi rif tlic cii;:i!ir-. In 
such easo tiioro dota not apfxar any aiivaatAy* in #elf- 
aeting brake*. If the engine had power enough to arrest 
mi eauw all tho boffar-roda to atrike bona, tbo 
tnin oirald not woU ovmiin it, aad wuM aat aaad bokaa^ 
Sappariiv tbo apri V tmo undo to pot fba bniM 0* ot 



Oiqitized by Coogle 



TBBIUMENT WAT. 



276 



Um iMif-Mroke ot (ha biiffar-roda, thtre woold bo the da- 
I of nmrirtiM tS ituUm fivqMnay vkw not 



It irpMH^tirndbn^ llitt Uwaoikm of ttoppinj « tnm 
rapidly bywy adf-aeting pr oem, .k no* fraided on ny 
wvmiA oiMhMugal principi«i ud, ntmti «allUani iImm 
nwiMtoBo^ 



CHAPTER X. 
MAreKUUL 



Tuii uuJeii'nuua* of carriag«i» uid waggoo^ aro usoally oi 
«ak. Oarriage-bodieA sr« otaaliy fmued of oali, or tb« 
piUan imy b* of oak; rad waggon-bodiM, »h«D liFMNd,an 
aaaoUy fttumd of oak. Tlw noCrilM of wimgm an ot 
aih. Tbe UmMg, looltaf, and ioniiv of earriagae, and 
wggom, are of yellow or nd doob. Tb« pauoUing of 
•Orriagc^ i« <.f ui.ili(i^';iri_v. Step-boardi aiv <■:' Liniii. 

Teak ham vxuanisely eoiployad by WiUiamB, aoii 
by other makers, in the 0OD«trucUon uf rotliug stock. 
Sabaeo baa aUo b««» tmfkjti for nadtrteoMO. Bat, for 
ftaoMirotk, oak tffm* to «lw 



The miiula ui tite %maU irusi «urk shoulil be of best Staf- 
fordahire. The axles abould be of Pat«ut Shaft tukt, and 
tbo (yno of Patent Shaft or Yorkabire iron. 

Pmuthlf. The painting of tarriagea Mrtonndfy m m th> 
boMlo pruoaia. Tho feltanag it dio prooMo foUomd ij 
Brawn, Manhall, ft Co. : — tit, Tbe panetltng !i datoed 
off suiwili I'v till' Iw iy-iiiiker, ready foi- iln' painter. 
2d, It, ihi^u ncieiVCi t'uur uuats of priiniDg, compoaed of 
white-lead, lamp-black, linaeed oil, and lurpt'Utiue. 3d, It 
is fillad op wilh lire ooata, compoMd of ochre, wbito load, 
UapODtioi^ lod varnish. 4tb, It is mbbad down with 
pwwioa atoM to mako & ahw tBriaeo. oth, Sagolvta ttm 
ooola of had ooloar. Cth, Is fimd, or prepared to roe«*o 
tin: trriiuii i L'ol'jur. 7lh, Uf?tivos the groand cuIiKir. tfi" 
ojlvjuriug nwttvr of vtliisii earthy. 9th, Tlii> ground 
colour ia finiahed with lake prepared from cochineal. 
9tk, liMotm thno ooota of oojmI vaniiati. lOtb, Raoaina 
otbir tkttt ooata of otpal vamiili,«ad flatittd aAac aadi 
want, llth, Bmiwa aiio noN coats of vaniali 

Wiiiiama, and aooie ollion, do not apply so elaborato a 
courey of ]>auiuti;^ to tc-.ik-buiU ^:irri.i^fd, but voiitti.l wiem* 
sdviui with a}>plviug a luw ctxtu u] g«»U nua ikud viiruUJi. 

WaggoD* should be |iatnt«d witii two or three cuats of 
a auxtiuo of led aod wbito lead, awt finiibod witb one 
of lai^ aaloar. Hm inM nwk «ad opri^Bi ahoald ba 



PART THIED.-PERMANENT WAY. 



Thb oonsideratioD of the Pcrataneot Way neeostarily fol- 
lows that of the rolling stock whioh it larriea ; as tlie two 
aru iriscpiraLik, auiJ their iutcrosts aie i Jcuticul, aud bo uiucli 
is thuir idelility appreciated, that tile r.uh nu'i iUa whtHtis 
are often compared to man and wife. I'ctl happy in 

being aUo to nrfiw to, and to mabo tbo &osi« aae o^ Mr. W. 
B. Adana' paper an PenwaoBt W»y, nad Mbn tbo Ib- 
slitutioD of Civil Engineers, February 10, IliSS, through 
the kindneos of the Secretary, who haa, m the moot liberal 
manner, placed tliu entirt- piiia-r. willi tin- illuslr.il.iuiu, al 
our diepoeaL Tbe valuu oi lite favour is much enhanced by 
the circunwlanoe that this paper euotains, so &r aa wokaow, 
tb* only ^yateawtie iowetifitiaB of tbo inpottant ^aattioti 
of niia; ODd thai U ti tmltiM byoaovlwlMW laadolnni* 
•elf maater of the aobjeot, and who has the quali£catioas 
necessary for giving a reason for tbe faith that he holds. 

" In ii.vAiiiiuii);: lli<^ ■ iicniiaiifia M.iy' of variou> kind!*, 
u»ed up to the present period, it i» neoeasarr,~ says Mr. 
Adams. " first to aetUe the exact meaning of tbe term. Ia 
iw aiaipio aeaasb it wrnld inpty • orajr of fieait daiabiUty ; 
tattlMtit doioBot Ntidbelorilj MO tbb aoDditian, aajr 
b« assumed from the namerous changes and aHini|ta at am- 
provement it ia constantly onderguiug. 

•■ Ii imisi tlietiforM l.n uudf-Tslood," ha proceed*, "that 
tbe term ' permanent way* roeoos sema kiad of way kft by 
tha toMiaalai^ hIiib 1» haa naavad Ui teapcraiy naj, 



I and whicli nay bu of greater, or le««, durability, or perma- 
I nenoe, aeeurdint; lo ita ttruoturo, but which must, in most 
ca=t!s, be ^o'.L'i-uci.i b_\ ilie iju.-ihi', u:' lao iii:ilerlal that ran 
b« tuoet etuiily pructired. VV here timber is plentiful, il is 
largely uaed for the subetractuie ; if it is scarce, stone i* 
aobatitBtadi and if the eepital ia notrietad, tho inia ia 
ptaMhad too ahotlj, aa on tlw aoily Nihra^ in tho Uaitad 
- States. Whilst the balUsl also varies according to locality, 

from htoken stone, and bamt clay, to sand and gravel. 
[ "The |irluci[>3l requirvmente of ' permaoimt way * are; that 
> it be w<dl <ir;uu«ii, and especially in out) tlgvity to the substru> 
I ture. That tike weight aod damaging power of the engines sad 
I rollingstoek, should boeBwaidetedaatho datamfor ealBalatieii, 
I That the atnagth, hardieai.-aad tmatfy of tho laiii^ and 
the immobility of the snbstrueture, should be adapted for the 
luudest work to which the railway is to be subjoctod. That 
the substnicturo shojlil li.tM.' an uMiuunt of tearing surface, 
proportioued to tiie kod to tw Iwrite, and the nature of the 
aoil, or koUaitt and m onffioiently firm hold in the ground, 
to ptoMot liinesaiia, or Uteto l taoveoMUt, Croat tho side 
lonih«a«ftho«igiiMO,ortnni8. That tho nOiahesMpe*' 
•CM SO much vert ical and lateral stifflieia, oitbir ia tham- 
selres, or by their fastening*, as to prevent all deflection, 
and have sufiictrul hanlrie^.s ijt fiu.'f;ice not to laminate, or 
to distDtegnue, beneath the roUiag loads ( and liave suffix 
oiMt hMalth, or tnai4w«Ha, to diniaMh tha olaet of tho 
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cruihing puivcr of llir '.ilifd-. Tliev etioul.! i.)! x<- ^oolh 
an poenible ou tltu ruiUiiij;; Mirlan-, to |irrvciit c\ii.i(-i)4tion ; 
and b« laid at the [)i( |i' r rii-uli-, anil tin- viin<ia rep^\»Tly 
bent, to aa to insure tbe accurate tread of the wheels: whilst 
ftojnilll* should be mauMhttlMt the raiU aajr^ pnurlicall v, 
bMMM coDlinMHU Imm, wiih fntdoD to iipHid and 
contrast witbiHit being too Ioom. AvA with all tbia^ than 
should be interposed, behmn tliD r.iila and tlio solid ground, 
•ome incdium, sHffick iuIy i litsiir to aii«orb the effect of the 
blows of thf wlii.'oN, «illi:nit lifl^ii^ CTii^liiil, or fiiicfii (loan 
intg the b&ltast, and jret stiflr enough to keep the upper tar> 
&M «f tlu nil* in k Biliferm plane. 

If dMM MBdiliant an fnlUM, Um nUa^ will bt a 
* ptnnamnt mj* in dw fall amia of tlw term. 

"Til? li.iUn.'ft ni.iy ]>e considered ttii^ fourj'!;i:'on of the 
railway- ; luii thr cii-;»tli r,f It must vgrv uitli tlic iitroetnre. 
If sletpon are «-« il ui il.u ordinary m.iv.m i . iliny should be 
sunk into the bsila-t. .m l yet h;>vi/ a sul:li'ient 4|liaaUly 
below, to prevent thcni tVom gr.i iually Thtmlbn, 
tlia thidttr and man effieMal iIm aUaptrr gnatar nuul 
Iw III* dapih of the billMt ; and Ihia maltaa tba aiwiat of 
thesle^pfran iniportniK rolli'iJl^ration; which agaia^ it iqgn- 
laled by the kind of t.\'] iiiicuJed to bo uted. 

"I'lio iMilicst. I'll. Illicit, or rather Isiur.^i pri'-ivi uroJ wir-t 
furin, of WMiaght-iron rails, is the flat tire-bar rail, spiked 
down on a longitudinal balk. This was adopted on inoet of 
Uie Aracriean lailwsya at tba ooiaat, bat it now altandoncd, 
M acwont of tlw «giannaai mar and tear, and tlia great 
dnngrr to paasengere, as the ends curled up, and occasionally 
killed a poMMiirer. throash the bottom of the carriage. 

" A Taiiaiicii !it tlii^i kiiiil of n;iy, '.vitli iIll- Ij.i.m i; :1 ijewise, 
has been for niaay years io m iparrins ;iii<i oiher places 
where only a slow motion of the (rjinn In ri<j iir*d. 

" Tbe nasi is wdw tlie aingle T fialt-Mlied rail, tang- | 
la; ftam S8 Ilia. t» SS Iba. per yard. It was originally | 
patented by Mr. Uirkinshaw, in the year 18S0, and was Gr»t i 
employed to any considerable extent, by Mr. 6. Stephenson, 
on I In- Livi ri'iiol and Manchester Railw.-iy (1 S:;i»-;i(>) ; but 
is now no longer inanafaclurod. This rail ts a remarkable 
instance of correct reaaoning from unproved data, for though 
aU chair-nila are pnwtiaaUj jprdna, the diain baing tba 
aafportiBg pteti. y«t In a nil 1< faM haf, wbtn tho chain 
yialded, that reduced portion of the rail which was supported 
by them, would abo yield and bend ; so that instead of mak- 
tlio r;i:l » sucrc-'^jioii of fisl>-bell)r!. it tKi^lit fatlicr to 
have been one tjiigte enrved line at llie lKittv«u, as in the 
case of the cast-iron fish-bellied rail. 

" The iMxi is tba ainck T panllal nil naad with a east- 
IwB duur ; thia ftm, wbidi waa tnt tottoaivaly mad 
Mr. Vignoles, about the year 1833, i* a valuable rail, under 
some special applications, hereafter to be noticed. 

" 'I lii^ inxt i.^ iloiib'o I paiii'.itl r:iil, ;>MiprnlIy used 
»i(li eliam : this is a convenient, *» weli a» a very strong 
mechanical form, and is well adapted for traiGe. This double 
taU»-nU ma fini |»ncti«alljr adaptad on tha Qnad iwiw 
tim Bailing, hj lU. Ladia. M.P., V.P., aadw whaaa 
dirociioiM the piMiia fonn waa earned ont by Mr. C. Manby 
(now Secretary of tbe Inrtitatkm of Civil Engineers), to , 
whom the order was given for inanufaotui in.' ihe first quan- i 
titjr, at ttt* Eithm Vote Innworiu, South Wales, early iit ] 



the yrar l&as, when a very elaborate series of investigations 
was made by Mr. Locke, an the variona forms of rails, and 
chairs, the material for, .imi tlip (Ust.im-iis limvuen the sleepen). 
Sie. The rail was 4i indiee deep, villi a flat bearing-sa^ 
face of 2l incbee wide on tho top and bottom tables, wUali 
mn piaaiia^ aimilar, and tha waight ma abnat 62 lbs. per 
jard. Tba diain wan «f caat-imi, and waa originally 
intended to have in each a metal filliog-in pioc>:>. witli a round 
oak trenail, or pUie, lM)lw«en it ond tlio fiico <if tljc j;isv of 
the ch.'>ir, in oT'liT Io (.irfi! it .■>o;aiii-t the of tlo' i.iil ; 
thia plan was, iiowever, ai'ter a very short trirtl. rkbandoned, 
and solid plugs of oak were anbstituted :or tl..' iron MliBig' 
ia piaea and oak tmail. Tbaat oak plugs, or keys, were 
eanipniaad nrto inm moolda, vnder hydraulic presaes, by 
Mr. Beattie, .it tlic Crown Street works, Liverpool, where, 
under Mr. Locku'n directions, tlie same process hod been in 
operation for two years previously, and tho comiiTfii.-d |.l i^^ 
were first tried oo the Liverpool and Maneheater Railway. 

" Tho footnil, a ringle (revenwd) x section, «Ml ftlnad 
foot, or baai^ to alaad on loogitadiaal tiobon^ «r od ami 
sleepers, to wbidi it waa boltad down, tbroaqsh balaa in tha 
foGt, n.^R c-nerally known as the ' Stephenson and Vignoles 
rail." It IS now oommonly o«c<l by eontraetors for a tem- 
porary way, with trAiissTr..!- hU-.- fi-ji*. to which it attached 
by dogf . nr frpikea, and it waa, at one period, extensivaly 
nsed ill th.? L'liited Stat« for permanent way, but boi^g 
sometimea ioaatteimtl/ laatanad down b/ apika*^ it not wh 
frequently canad aoflidanta. 

" Then the well-known bridge-rail, first used by 

Mr. Druucl Ml the Great Western Railway in 1838, and 
subsequently, on oi;n;y otiirr linp?. 

" Split rails, or rails rolled in two pieeeo, both in the 
form of the half of a double Zt and alaa aa a Ibot^aii, with 
» trertieal joint botwoao thtn, and put tQgatliar a* in to 
'break joint,* am «itaaai»alf naad In Aaitriaa, batag 
manufactured under a patent in England. The object of 
tliis form of rail is. in fact, to give a longitudinal scarf 
through the wlioh' h;n_'th, so a? to [ircvcnt bnd joints. 

"Barlow's 'saddle-back rail' i* tlie lateal great innova- 
tion; it ia aaad without sleepers; or, in the words of the 
piMBtaa, *ia a tamgh nil. baaring on tha ballaat, aad 
rieatad to baawn.* 

"Two general systems, known as the transverse and tbe 
lonf^itodinal methods, have been adopted, for securing rails 
upon timber sleeptri, and sometimes the f.vo Inivi' li-n'ti 
ouiiibii]'?d. But till) desirability of adopting a material 
ohemit:!i:ly dmahie, originally induced the use of stone 
Uoaksi aod ibaaobavobeanabnoataltagatharabandaaad, 
ttvin bamll to taqniNi why thia hai iakan pbwa, and if 
for sufficient reasons. 

" The bloelts were osually about S feet square, by 1 foot 
in depth, oont^ning 4 cubic ftot of «[oiic. They wen- of 
various qualities aecording to the li>«»lUi««, ouU vtere placed, 
sometinias rectangularly in line, with intervals between 
than, and at oUian di^onally, naarijr taoching at tha 
eanan, and formtiy a eenllmmN tnadalioo, or anbatraa- 
lure; in some instances tiiey wan laid In bldBitk and Ia 
others only in the natural soil. 

"To insure iwlidily, whicii ih.^ obi".:l til. n Jiiiii j .It, 

tlie caa^iroo ebairs were fitted accurately to tbe stones. 
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•ad futenad to thtm by a pair oi iron «pik«ii, «a«h drivm 
iato U oak trenail, bedded aboot 6 inobes deep, in a bole 
lMMdiB^aloiMU««k. It 1IM mn faimd, IwMMr, that 
Um «lMira wodMd Umw* aai •st teto (Iw iloBW: Hid t« 

remedy thia, a layer of fi.-lt, an i ii;litli of an inch in thiok- 
nesi, waa placed between tlie cLiaii' luid the elone. but tlie 
felt being om^hcl by tbo lieaTy weigliUi. lin' ili.tirii 
became looaer tiian before. The moat probsl'l.^ soliiti<iii of 
the defect ia thia: — the atone blocka parli.-illy i^ub^i lMi, 
innpiUrij dallMtiqg tin mila^ mhUk wtn baU down by 
Ibt iiiQcm; mtil the cbitKitf of Ih* iwl, m Making; to 
regain its form, gradually ilroiv \he rastcniinga, and then an 
inceaaant hammering «!i»ucJ Lvlwii n the cliair and the 
flHi;i-, -III ilii- |-;if<nL'i^ af traina, gr.i'lii.-illy o-.ut.iii,' into the 
aurface of the atone a receaa of the form ol tho cliair. To 
fUCk tk* atelM Uodtl, or to reatoro (hem to their (>roper 
pmitioR, at w gntt • dapth. iii*olT«ii » wnti/ o|Nrati«a. 
'HorwMW, tht ntlM in tmvalliag wat • uaunm to the 
pasaeogera, and the liardueaa woa found to be very dnstrue- 
tive to tbe rollins: stock, and therefore the use of tlone 
lilfic-ki wrv5 iJIsc'jiitiniitJ. aiiJ in iiuitiy tlicv wrTo 

rvtiioved from cxiatiitg liuv*, auil »er« rv|>li»«e<t by traiia- 
rerae timlwMlaapen, prerioualy only used in tinibankmenla 
of a«w MBitfiMtioii, hiimg in tadt maMl/ "Mntneton' 
but of Utrgn atmHttag and natwlab. 

" Before the question waa linally disposed of, an rxperi- 
maitt iraa made on n portion of the Leeds and Manchester 
line, by I'ntlliu^ iIjc .-ii.lnl r^>i^]i, \ii "liicli llirTi- could b« 
no subsideuce, smd fastening tbe cliaim u> it, <'xaetly aa 
they had previoaaly been attached to the stone blocka. 
Tba mult, il ia taid, waa l« preda«« a ttmi aa bawl and 
Hgid, that itvaa imptaiibib to aaatinaa tba tw af it, aad 
tbia waa cona!d«r»d to have d<-1in;tFly settled the question. 
W, however, instead of di»«ar4nsL' ilic atone blocka, they 
had beon uted as foundationa for fliif>]>i)rt.n;: tli(^ limlKr 
alecpera, to which the raila coald have Inim attached, it ia 
probable that a mvA Mom ntlBj panBBBaHt vaj voald 
have raaulted." 

On tbt Handnitar and Bnj Ita^ Mr. JaaM HaHla^ 
laid a«aa pan ti IbaKM vgaii aBMaHwaa nalla ef maaonry, 
wbiek were aooa bno«1k*d tip from iKa rtgidity. In placing 

the alone blocka under tlio fllef|ic-rji. Mi. Ailairs Mi|i;Kjees 
them to be placed in i-ovrs, in cluae aiid coittinuous couuict ; 
BO that the foundation would bo practically permanent and 
undisturbod,a8 more pwtieoiarlydaaenbed bf turn fonliar «»b. 

" The mcchauiral cba^p that waa alaelad, the aob- 
•titDtioa of timber for atone, waa tanpuHin DraadMa tnmi 
nelaa, «Udi [tha Minj waa i wda rt tafl y as IndiciiliDii of 
a defleetiDf 1^ liiii^ and ftliiBg with tiia daiin «■ tiie 
blocks. 

" 'I'lic .-.lino mil, (ninsfsrred to the tranarerae tiaepcra, 
would aUo I i.^f r>ii«l fall, but wilbout noiM. And tbat th»y 
do deflect is proved bjr tlw oanng of watai^f mad fnm 
braeaUi the aletptia, in wet weather; hj tha quaiiUty of 
dut, in dijr weather, and by the naoanilj tat aMtiamlljr 
packing lh« alerpen», which Utter tmm » klfa itam in the 
coat of " maintenance of way." 

•• Sup-.Kj.iti^' tfiti raila to l>i- iiilcu'r.iny alrong enough to 
prevent deflection, whan aapported at their two enda, the 
Mi» «f tha fan Ml tha dnais rafBitea to ba af aiflatnt aiaa 



I to prevent tliat indontatioo Iwth of rail aod ciiair, whieh 
I may be occasionally seen W tha diplh «f » q«artar, W mm 
1 (hrea>«igbtbaofaii iDdfa. 

f "The hit eenatderatleii fa, tha baariiig aiirhaa «f fba 

sleepers tlmnsolv.'s un t!,,. lnHaat. There are generally 
und«r each {MruUcl [air of raila, of 15 feet in length, six 
aleepera of about 9 feet in loaglh, bj 10 nebai fa vidll^ 
and 5 inches in thicknesa." 
j Three or four sleejiera, seldom five, per rail of 15 {act 
length, atad to ba thought aaftaimt, and thia waa tha 
aomaMiii ptaetiae. Slaa|Nri are new plae«d more eleaely; 
the Great Northern line liiu a t-Ii-i'j.fi- pi-r v;ir1, .in 1 one 
extra for the joint, many if not most ot ilie raiJa bein^ 
18 feet loof. Saila af SI fiMt Uag an indii^ tiMir way 
into uae. 

" Tha nil,^ it is continued, " thus beoomea a girdcr- 
bridga aapported oo pUn, and when tba nil daflaela, the 
tieapan are liiraad into the ttallaat to deeafl. 

"To overcome this dpj.roBsIon (if llie flripi r^, i"t!:<r 
their numlier iiiust be Mtcii'Ic l, it' tiKMlt'iil, ti.l tliov toucU 
I'in'Ii utliir, like tlie l■lll'llulo^', ur |i'..iiik n./.^ii.-i uf AiinTica, 

I or el«e (lie ilcptti and atreng^lh ot the raila must be iocr«ased, 
so as to prevent all deflection. 

" in tbe loBiptadinal ^atem of tinlba^alaapara, aa natd 
on tha Oreat Wtatam and other Iniea, with bridga-ralb, 
having a continnooa bearing on the timber, the bearing 
aurface of the raila on the limber i* about 6 inehea in ^vi4;ll. 
and that "f tbo >>lL'f[>ijr? nn tlm b.-iUi^t :? abiMit i;> iiiplif-s. 
The depth ul tlx rmi iwing aboot 3i iuchca, and the depth 
of the limber 6 inches." TlNoa dlncnioiia Iwiv been in- 
enaaad alnea Mr. Adaaia* pqiar waa writtan 

The qnanttty of timber wad in tha ttaaatama ayatan, 

' with four intennadiata aleepera to each length of rail, is 

I rather leaa than 16 cubic feat, and on the longitudinal 
Bystcm it 19 rather ini.'rf than 1 (> I'lioii; I'nt ; nr, w it!i iib.ji:! 

I th« .'saiiKi <jitit:itity o! tiiuLn;i, lite be«rilig aurfaco 012 ilie 

I trantvL'i'iif ]>lan will be about IS inchaa in width ; and on 
the loogitodinal phn, aboot 18 inehei, gitriny an adrant^ 

I of 1 taeh io width to aaak idl, ar S faiahaa to lha pair of 
rails, in tba ioB{gftodinai plant iMttii intha latter plan, tba 

i di'cjKT! are 1 beb deeper over tbo whole eoifeee, tlie efee- 
tivo quantity of timticr !.■< i:i-arly 3 i:tibic fi'dt rnnp;. In com- 
paring the expetisa of ihe two iiy«lt>ii>(t, the coat of tho 
fastening of the rails may be asanmed to be eqnal in both 

Icatee; and, ae tbo qtaantity of timber has Iwen ebown to bo 
aboat equal, and tha qnality aq^tobaOw laaia. Ilwaeat 
sboald ha alika. Far a laog period the tniiatana timhtr 
ay atom waa eonaidiered the ebeapeisi. bat the reaaon waa. 
that on many linoe, lljo sleepers were very Email. anJ of in- 
ferior quality, vvhilu n, lUv cwie of the longuuJiiiaj isyatein, 
j it wiu easential alwaya to have good timber. In addition 
to the increaae of bearing aurfaoe in tlia tongitadinal ayateffl, 
tbe broad baae of the bri4fMaii mabaa it much stifler later- 
aUy, than tha daaUa X nil, and ila aanUer depth aflan 
leH opportnnitj of accident, from andden latdiea of tho 
engine. Bat, on the lulH^r liaiul. tlie hridg«-rail being only 
Si inches in depth, is Uable to ik Acct under loada, by which 
tho ilonbli- X rail, 5 inclie* in depth, wonl t uot be :ilb'<.-t<<'i. 

" ThoDgb the longitodinal timber tends to atiflieu the 
bridga>nil inrtleaUf, ibia nial eAat dipanda eMinly oitha 
Sli 
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faMning*. TIm rail Iim two Utrrtl flftnebM nhoal 1 f RKb 
mUt kj i iocli in lliicliiiM*, tlirough orhldi liolm ktt fimti 
at iatoml* of 3 tvH. 

In Ui* earlitr rumples UiCM nit* wtn Cu<«ciod down 
tijr Kf*«a ; lint u tli* mill ud tki tinlxr ii<fl«rrt<>il, » tliil- 
iag norcmeut tuofc pJaee betwaett Uiem, ■itnilar to tba4 
Utntn tba plate* of a evri*;*-*prin> ; tite •crnwa wriv 
(o««iMd, dnwn ouu or lirolito, and the liinlxr «m rrii»hr<l 
in d«Uil. To renieJjr tliia, in aoitM casta ibo timber nu 
en«-baanted, with raanirMt adiantai^; and, in pMiit raM>«, 
bolt* Willi nnla jiaaaios llirgu^h lh« nil-flsnche* and Ibo 
timber, were itubelituied for tlio aerew bolt* ; ■ubacifiimllv. 
pUloa were introdticed under the rail-enda, and alao b*ktw 
tbm timber, and tJi* bulla |«uM>i ihniii^h all. Hat Iba 
aalhor i* not avrarv of aoj fabtenini; vet l>riD;* fi>uud i|uito 
effftetual la preveotin;; dtHection, or the workiii;; ntoTemect 
h t twa m iba raita and iha timbcrt. ur iha looaening ot the 
baluheaib. 

" Od llia old Croydon line, wIhtb tbfi lon^itudiDal eyatem 
*a* na*d. with very licKt bridge-raiU, it wna not uoeommnn 
to find raili bmken into two or more lengtlis, by eoofttanl 
drteetion, and tb*y were repaired by placing a plate beBialh 
iho frartured tuin. 

" Willi rrjcord to tha mat ofrepaini, lb* wer« parkin; of 
the sierpen, under er|na] wei^litf, aiiontd be leaf in the km- 
gitudinal ej»S<iii, because ibore ia nore beajini; eurfaeo , 
but to set a^inst tlut. tbe wood if mor* ervube^J tlian in ilie 
Iranintae syitem with diaire, and tl>e sccma lo the bulls 
ii Tcty tnablwonie, while the faateoing of the double Z nils 
io the ohaira. by wooden keys, ia rerr simple, though in the 
joint eiiBir, it ia inaeeara, and lb* ritlng of Ihe ends is a 
ooranMH eaosa of aeeident. The author, tberefere, in the 
year 1848, suectated a n»w Tarialivii, corrbioinj the me of 
iJie double X rail with the luii|{itudiuill sleeper, to at lu 
aToid detlertioD and to obtain tbe eontiiiuooa bcarinj;. Divid- 
ing tbe half balk of limber, alioui 7 inclm by 14 inchea, 
into two ports, tbe douMe Z rati wsm bsir^tooved into eorh, 
and balu being p*(*»il tlmugh below lite rail, it waa brld 
as in a ooutiiiuuos wooden rice, «aibeddod to the uppi-r lip, 
III* flaueh of the eo^no-iih**!* b«lDg ctnred by n shallow 
graove. Four tmgtbs of ihi* were laid down [brMr..Sinia*l, 
tha enginterj on the Eatiern Counties' line, where il ajipeafod 
to Hawrr w«[|. and ia etill in good order." Since llie foro 
going wu written, tlie trial lino waa taken up, in 1833, in 
CMMtqaraee, it ia said, of Iba limber bavin;; Ciilrd, and 
hfokcm np in the do* eowrse of U*r and wear. 

" With raapecl In tlie durability of timbrr-sleepcre there 
appear* to b* ami* diiTcrencn of opinion, arising', prubablv. 
from the vatiooa dearriplions of limber em|>]oyed. There 
luve been two principal system* employed, for r<iiclrrinj 
timber artificially durable. The one was by saturation with 
cartain diemieal solntiDOS,or mineral salt", whicli act cliieflv 
on the albnmen, peodueang a kind of taiininf eiTecl, but bv 
which Iha meclunicol slrsogth of the timber is staled to ho 
impaireil : moreovsr, tb* salt being soluble in water, ia apt 
to be waihed out again. The oilier system, now very gene- 
rally employed, is by ' creasoting,*ar injeelingccal-oil, under 
prdtaure, by which both machanical tosighneas and chemical 
durability are produced.** 

tt it now gtoerally belisnd that th« ttrtsgtb of tb* 





timber ia not i n t rm J byr th* 
cbeniKal dai»bility k* fulljr osiaUiabad. 

" Kn(in«et« bar* iMvotljr •tmvaii a Aipaia^ 
lo otliar materiala, and it baa b**ii aoniida ^ ^ 
wovid not bo jKwaibt* to aanplDy atone, wkidi ii ^ 
and niecbaakally lb* moot durablo malaiilB, 
afford a perfect feimdaliDD, prurUied ibaraibB^^ 
perly aitaehod lo tb* Uocfca. 

>* If Ibt iliickneot of ttaaaa Uoebt «at ate, 
IS ineha* to 8 incbta, tha auporSd** rimtii^ t, 
and they wera laid beneath each line of nibkaa^ 
ing eaeli oilier, an<l «o as to anpport longiiaiiii ^ 
8 inchea by 6 inches deep, with brid;;a.(ai^ hM| 
between every joint of the atonew, ibraqgb nAn^a 
to a small btork bdow. a (oatinaoaa bMriif laall k^ 
of chemically durable sieepem, aqoal t* (• ba^a 
befiealh two rails, whilst a aalBeiatil aamnf d^ 
woald b* given. At th* aam* tinu, it i* pnUktt 
other ballast would be nKinirod, as lbs oMd^ 
surface would prevent dispW*eaient, acdatraiM 
way, when onee aettled and undiaisHwd by tk*Bife|lj 
would thus b* fonasd, 

** Of coane, tlx qaostioa of iho ooa4 of staasi 
cbiedy an locality. In aooM diatriet* il aj^bia 
to ose cnst'tron, or alato-flaga, or tbo slag af ik iai 
nncns niiglii b« run into moulds. Od iWi pbi 
rail tnii;bl be used; far inaianee, a deaf bsMla 
half- foot an;le-pUte, boltad bucratly ta ils lial^ 
savu limber, w a ;;irder-r*il boivrom iiasbaa^a^ 
d'>uble Z rail b«dded betwevo two liata^B 
dfecritied. 

" The olijectiont lo lb* a*a of timber-ibapata 
very |ir<Muiit«nt by lbs inferior wood litd a ■ 
etracUm'', induced Mr. ReynoMa, in ISM, la ' 
verted tron;;hs of caat-iroa, linod with isotd.' 

'■ Subseijoniily, in 184S, Mr. Orsavni, of I 
intradiMed a now metal sleeper, p oaia taiig ■» 
piopeitirs. (Kiss. SS5. 320, 3:7.) This ilaaf»»"« 
sphenoidal bowl of caauiroo, having the chair, dwa 
cast upon its apex, and is riwnected Unnly vilh (htf 
sleeper, at inlerr^la, by a Iransrene bar, wbii pv 
tbo gauge and relaina the travelling table «/ 




prnpcr angle. Tli* joint •l*ep«r ha* Daajl"'***'' 
pli*d lo il ; thii ia t dgabMuadad tliair. oi^ I** 



• Vide Tn 
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platw of oast or v.r3n_'i! imn. atutiictl to llio railn bv tplil 
iron keys. 

"Hun an unmiX adTMUfM ia tim tytlm ; tlu feim 
•rUw alaaiMr ia tlNBg— it InMt mlt ia gnond— Hi* 

elukir ia not \iM« to b« d«taeli«d — the whole bearing sor- 
fsce is directly beneath the load — theballsBt it uWnyt kept 
<Irv an l chislic — .iml tin-rr li an I'xtri rii-'y in.'i'iiinin .■■iii- 
irivatico for (laflung it through two holes, with a pointed 
rammer, from the aartiMe, ao that the aleeper and rail can 
ba ibi«ad apwardt, witlMmt diitutbiiig tlw cuncnl M «f 
iMdiatt, or tliey mmj be lomnd ^takiog mI« pntiim bum 
till' I'ntMir.r. Tlw JmBr of admitting water, by epmlng 
III" u-i .uii'l. is thoa oVrtatad, and in certain situations this 
Is iif LTi -'l inifiort.iiiri-." 

On the E^'ptian lUiiwuy, wlicro Greaves'' sleepers have 
bMl laid down, it ia found that tlie soft soil on which they 
ml) if pwnped op tlirongh the padciiig liolMk TUi ia an 

fit sr. 




ol^tion whicli re<niircs to lie met, liffure the eleepeni can 
lie gene rallv employed. 

" The next kind of cast-iroii slctpcr waa that introdaced 
hy Mr. Pcicr \V. Barlow, M. Inst. O.E„ in the year 1S48, 
on Um 8«iaii-£Mt«ro Baa«v. (F%a. m, S».) Each 
itmfmUia tm piwib uri aoi^ of « jil^te * fint long 
\j 7 ladMuMMiitli tM IdMMir hmA «h( upm it, 



except tltat for tlia joint-ehair. whidi luu tbreo kalf-chair 
heads on it: (km an made to grip the hnrer half af tht 
rail tiglrtly, by wmm «f Mmi^idto paniif thtamft tha 
duir^iaaii htlawtlia nfla, and fkaldiag flMn aa ia a via*. 

The castinc of tlieae plates so as to fit tlie ru'l perfectly, and to 
prcerve all the metal ia a state of re^f,!* awnrkof iomenicelv. 

■• .\iif)llier cJi*t-iroii elcepcr. fi.t. .'i.'iO. .'i.'il. «as brought 
funrard bjr Mr. WiUi«oi U. iJvl«w, hi. lost. C. E.: it 
was nqr ifBilir Catlia tmrn, aaaift tiMl it aaa aaak fa 





OB* piwa, tiM raiU being fixed in tiM ehaim Ij lufa, ia tha 
Mill BMnatr, at by resting tlia rail on a weodsn block, 
keyed ia below it.** 

"Tlia caat-iron sleeper. Fig*. 332, aas. inliwluced by 
Nr. SaBMal, M. laaL aJB., ias wa4f»«bafadti«^dMp 
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MiMgh to lah* llw total it«pt>i of iIm rail, »it)i imo InclinMl I 
•M<* «iOj>«, It tbs uppNT part, to btar on the bdlaat. Tbs 
rail it (roovni into two piece* of timbrr. wkleb dtp it at 
Uh bottotn mill tUo >iiief, anil being Corcod into tbe troggli, 
Ibe wood ii niaipiv«M>l, Tb* tnMgha art, bovMer. cot 
eastiiiooiM bMr(r|>«, aoil tli«rt<i)C« Ibt tail luiul br tinvg 
••ough not to 4ellM«." 

Tbii ap|ifiara, iiM«faaiii<allj, tbe best arrancetiient of east- 
inio ijiiepen bitberls eiamiiieii. It hat ilfpih nl kwl, to 
preTent l«*-way. aoil baa <l«<p Irausttn* flaiinn. vhirh lield 
il««p iu tli« balla»t, an<l prevent lua^itutliDil niotiou. It 
•Vppliee an riaatie eoabioo between tbe rail and the sleeper; 
tbe rail ia iiupendod out of cnntact witb iron, aod ronae- 
iiacDtl; nnaine uninjiir«J on the lower aide : by llie <ye- 
t»in of ciulii«nlB|;, tbrtv i< no nice filtinx of the cliair to the 
rail ref|uircd, at tli« wooden blocki tapplr the adjustment ; 
and, far the tome rcoena, tbe tame catting it applicaUe to 
Tarioua railt witit timilar tNtloiit, 

" Catt-imi may be uaed, rtSdcDllr, for railmy tleepert. 
but tbe tnaaiet niuat be larger tlian have hitbrrto been ap- 
plied, and the fonn mutt be cuntinuout; or, if Jctacboil, the 
ilatpen tboiild only Mr«e at piert, <ir pwiit* «f iu|>port, In 
vbich rat* the rail niiitt be nun-drfl«:tin;:. 

• Haviuff examined tb* ditToreut kindi uf Blecpers. with 
re/ennce to the rertieal and lateral fupiwrt they aflord to the 
railt, the imt qntalion it that oi the rariout iiiimIoi of altocb- 
>ng the ralli to the eltepert, in ofler to prerriit the joliing 
and uniteailineta uiutlly expenmced on onlinarr railways. 

About tli« year }HSS. or 1HS3. a remard of £lnu iter 
ling waa oStrad by a railway rompany, far tb* Iwtt iimle of 
•actirlog t>ilt to obain. Many plana were Mut in. hut none 
were inlr^rally adopted. It was said, iltat ati ama];;ana. 
tion wai effected between tJire* of the coiupelitors, and the 
reward was diTid^d. 

• The fastening so rewtrded »«a no< sacrrmrful, and <t aas 
toon foonil that tbe woad<-n ley wv ibi> only arraii|;eii>Mil 
that did but rapidly get louee. Many of tlievr. huwerer, 
were too small ; tbe railt were looeenrd Ulemlly. and a 
creeping motion wat induced bj tbt action of the broket cn 
the whet'lt, not unfr<qu<iitly cavting McidouLt." 

Kir. Locke it understood to be tbe inrentor of the wooden 
key. It is very questionable if the trarelling of tbe rails ht 
owing to any great eittait to th* action of ibe lirakes, eaeept 
perhaps on inrlinot, and at stattont, at it Iakt4 plat* on tb* 
line where lb* brakes are leldoni nseii. The Irarrlling it 
probably due eery inurh to the uncTenness of the rail riidi at 
tiie joints, as described farther on ; so that tbe wlMeU ttriko 
tit* elerated <<ud9 of tike ntili and drivn thetn fiirwaril. 

** Tilt mod* ol (astenina the chairs to tbe tleejien, by 
laeana oi iron tpikes, wat insufficient. Rust got in between; 
tb* two irons were then rapidly worn away, and all borame 
loeae. Tliis gave rite in tbe improved chairs of Mestni. 
Rantooies and May, with laq^e-sized rompreseed IreDSils of 
oak, lo attach them to the sleepen." (Ki(;s. 339.)* 

Tbe osk trftnails are statrd to bo in actast use on between 
ttr* tod three thousand miles of railway, and are being 
•pfilisd oil tbe Indian lioei by Mr. Bendel. The ciiaira are 
tut In if«n notiids, to unilo facility in moulding, with 

• tVr Umnlee ef lVec«edi*(s last. C.E.. ISU, nl. is , pa|je Ti. 



aoeurary of fani, good fittings sod eomtt 
tlic rail. 

IV sat. 






*«]llaf-^CtonMrfA 



Mr. Adams proposes tbe ute u{ equ 
trenails, instead of round on«, to facij 
boring tbe trenail holes, and to pren nt the 
stM]>ers, which sosuclimee happens nith th 
when the holes aro not very areurately \mni 
oblong sectkiU, the prnpoted trenail would drive »ery 
in tbe direction of the grain of the slee]i>r. smf n 
tko grnlnl amount of frststance in ilie dinrtim nf 
lurch «f til* tnginet; while it could not spli the •Wr|i>r. a 
il it would be of low widlli than ths kol« aeraa the jniin. 
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" Tho wood keva should also bare ample bearing anrfaee, 
M a* not to U- cni.^lKHl with (he tide-lurch of the engtnci. 

"Apart from the question of aeenring the raila to the 
■iMpan^ w I hat of th* beat modo of iMBriDf tho enda of ih* 
nib t« «uii other, w M to afpiwiMtotosmitiaiiaua bar. 

Om «r tho MillMt attmpto to abfiKto Hm ifflli triaing 
frooi issoncieDt eomMliw at tho nU*Jolalib «•» w tho 
Bkekwall Railway. 

" In (hat cum tho rail-ends wore cuniicctcd together hf a 
searf-jotnt, aboat 6 inchea in length, with the points dove- 
taOad, and tho whole wedged into the chair. As these rails 
w«ro oa\7 Mod with ropo-traetioii, and vrm not toitod by 
loaeoMrtir* work, fiir wfaieh tboy wore aot intiqdod, no do- 
doetion can bo drawn from tbem ; bat thoy «oro makoood 
by the scarf, and were exp«n*ivo in manufaelnro. 

" 0;i rxaniiiiiiig the joints of a railway <>iit m' order, it 
will he r<>ui)(l (hat the forward end of oacb rail, in the direo- 
tioD of the traflSe, atanda, ap- 
pONOlly, aliiibtly h^^ur tban 
tho Undor oad of tho is 
timtth(gig.nio). When 

tho wo^t comes on it, so as 

to [irc.is il il<!«ri t'l tlif cliair, 
it hecomea the lowest, tho 
under part has boon hanuiRTod 
in tho dtan-, aod tho rail ia 

nila an thaa haomMred, it becomes impraetieaUo to 
thtoi ftmtj fad tho diairs, cxeept by cutting off thair 

**ThajoiRla of the raits arc evidently tlie wcakcit paria of 
tho Mm af Oray; therefore the great ohjcct la bow to 
atiaagthan them ; »nd thie cannot bo done by taking away 
OHtal fiwn the already too weak part. Supporting the joint 
hy iBte aloepen aftpeaia a aioiple raoMdy. bat tho alaepm 
ait aot fnatkallj ifperta, aa lhaj atdy hMr as kaaa hal- 
laat, and not 00 any ooatiBgoeM aai6ee. Tthaeemea neeae- 
sary, then, to join the rails firmly tdgcllivr. The operation 
of 'fishing,' l>y the addition uf |iit'C(» of metal lo caeli aide, 
then presents itself; but to secure these ' fishes,' becomes 
tho noit question. Tho eimplcst mode is to take the rail- 
jmmt wholly out of the chair, and to place a tieoper, with a 
ohair oa it, on each aide ef the join^ thaa aaapending the 
jalat between the two ehaiiB. Tha 'flahaa* being then 
driTen in on enc]\ v'nU of tha iwlii the rails and chairs are 
COOneetod together. This waa practised by tho author in 
1847. 

**Tho damaged raila were tbue aDp|>orted by the chairs in 
tha nadanagod part, aad tbey were made practically eon- 
thioaii^ whOa pacaiittiag expansion and eootiaatioB, lij tha 
aKdiagof tho'lihea.* Bntputtino; the ■flahea' lata tha ehaiia 

involved the necessity for fresh castin;?. and it was found 
a simpler nperatian lo punch hole! iti the rails, and connect 
the 'fishea' together by four liiilt.H pa-viing through all — 
(he holes in the rails being larger than the holes in tho 
'fiabee,'* to permit of cxpanaion and ooBlnatloD. The first 
'Baiiaa' tried were of eut-lien, and Ihijawnniiail eaiy well ; 
haliahaiqvently wToaght-iran waa aahati tul iA t ha edgee of 
tho'fiobce' bearing Against the top and bottom of the web of 
tho nii, leaving the middle untooefaed, so that the bolta were 
WUHHvaMia 



not work '.uase. So perfect was this arrangement, (bat old 
rails, which had become useless, when battered at the ends, 
so that one end projecte-d nearly a quarter of IHI indi above 
the other, when once firmly connected by tho 'flahll/ flnio* 
al^ nlM, Bsdar tha wotkiqg of tho ttaiu^ toaptifMly 



" The application of the ' iisliing-pIateJi* to ordinary railii 
ia eeiy eimply and rapidly effected, and tbe reealte are rery 





••The aaat pN]waitioai6riafiavii«JaialB waahrPM- 

fesaor Gordon. It waa to make a h«riioDt(kl laf^ by > 
away 8 inches from tho top of one rail, and S T 
the bottom of its neighbour, to half the depth of < 
then lapping them together and securing tbem in tho chair. 
It was expeetad that the hinder rail in the line of progress, 
th(M hippiag atar tha fawaid one^ wonld keep both down 
togolhar. Bat wialhar hm had im, ar fiom tba dimin- 
ished strength ofthapaiti^fliiiaCMDifhatthaaDdahnfce 
off, and the plan waa ahaadoaad. * 

" At lengtli, in tho year IMO, the authoritiaa an the 
Eastern Countiee Bailway reeolved to try the eipiriaaB* 
of tho * fiali-j(HnC Some half-doien rails were jointed erith 
caat-irao ■ iahai^* and thigr waea ioond to aaawer. 

**Maay panonaiHal to anaiioa than, yet thoagh all 
appeared eatiafied, tho iiDini|y ooa ip a n iea and tha ( 
esenieed a wiao diaontion im wailiBg till 

- - - - ia 
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ilow; aoiL niofcorrr, l* trul Mciueil to Oim« a iitw 
light oo tlio f|ue«tJoa ol good JoioU, many nrw cxpcrttMSits 

Til* Mi-joiot w now in extMided aw on uiauy iidBclpftl 
UiKs; parttcaUHj. tli« I^udoo an J Nortli- Wntera It&Uwmr, 
tbe UiiUsud, anii the [i^aBlcni Coanti«i. 

Tkan » as Mlrmtae* Aruiftg from tbe qbt of east-IrcPii 
fatut iBftt««<l of wniuslil. An huwIm eoc-iioaiv bos in miic 
cftMi led to vuefa a diminatkni of tlift wctglit of tbe vrronglit 
fiabca that tJ»ey anqiiirn a prraiutont lot uoil«r iIm ii««ght of 
till pn*ti)<«. Tbs t<<ii<1fiKV of tho roils umler tlio roSlio;* 
of lh« *)i«(?U i« to arcL ti{>iiardd, iimueljr aa if a Mries of 
wedfc* liaJ i^tta dhven into their nppcr aarfacr. Strang 
■ad poworfvl 6ili«> raunttrart tki«; v^tk oom autuwl* into 
a IkoU. In torn* on** whim fislK* ar* applied, ilio Joiot 
■l«efrr, f'.<r the aako of ecuoumv, io nhuUv takm awav. 
|nitting an extra itrain up tb« Gilici loilt rfrtially and 
latarallj', in winch direction tho rail is wraki«t, and t(i9 
railB iniv W (ureetl oatwardti, and tlio bolts troktn. Thi* 
iroo being totigli, tbe HFttiii^ of tlie fiehf^ is iiot uoticed. 
But if cast-iron ie mod, tho brcakn^o telb the lale, and it 
is neodM to rm«w tlwm till fufSricDt rtrvngth b* attained. 

•' Mr, J. Fowlor. M. Inst. C. E.. prodtiwd a j"inl-ch»ir 
(Fig. u4U). fonutxl of tlifee f^nira of jiw» cut to*;>etlier U|kiii 
a aolo-plate, the twi> extrcmitiea resting npnn two sleepers 



r.j la^fc^i- MI'S 




betow : it ia biiJ tu answer well ou tbi* Ei^l Linpoluahirft 
line, and Ita* bmi iu lue tliero ainre 1Hli(. Varioaa otbor 
]>Um alto wert' tried or mgse»t«d." 

Hr. James IMI, of Ediabvntli, patented, iu I65t or 
I8SS, a joint cliair of cast-tmo having a aole S (o3 feet liin<;, 
with two jiiw» ca»t ta tlie exact fomi of the ntb ami loner 
table of tbe rail, jiMt eufficinntly slack to be driven n{>')n the 
nula endwise, and to buM tltem a^ in a vice. Two wooden 
keys www driven into tbe chair, one at each end, to bring 
vp tba bMrin«:e. TbU plan liai ;;ivrn inu«h utijfacuon. 

Hr. R. S. Norn'a, of Warrington, introiliiced a nf<H j^'mt 
Hiair, in 1852, wbldi be caats in it* platn*. from a portable I 
cupola ; it embraces the bottom and aides nf tlie two eaila 
of the rails at tlie joint, and bein^r about iocliea lan^r. it 
firailv unites tbe raiU into one pfarttcalljr continvuve girder. 
It works moat ntiaCaetorily. 

**ln appIviD;;th4*f)sb-joiDt' to tberepairof raila on lioof, 
when funds had gtvwu s»rce. an objection aroM to tJi* co»t 
of an extra sleepfv and chair, in addiltou t<> the * fubef.' To ' ' 
meet thi* objection, Mr. Samuel contrived a mudtfjeatHin 
of the 'fiali.* <Fi^>. 3(1) A chair vaa nut with onlv 
one jaw, made to At againtt 0lii» side of tli# rsile, a I 
wrovght*iroa *fiah* betn;; placed a^^tet the other side, anil 
all bolted legetlier through tho miU and ^ Hsbos.* This 
pten rf^uirad onlv one alteper at tho joiut* and its pKcsUar 
value consisted In subatitntiog a secure for an iiuecuro I, 



joint, without InterferiDf with Um mlmvptn atn^1^ 
r^^apaeing tbem. 

ri i44-«mI« Lima. 





with Ills n»e iiljot-l. Mr. A'lunm lua Uuij Obd 
ISil) piapoMd a D» plui, whinbjr, io temtaflitjat 
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of au cxisiing Hue, tbe otitting joint-eleepcr tn»y remain; ' 
■ad the remoTal of tlio ;uLirii--ii'iit juiiil-cliiiir riiav make way 
Ibr Ml efficient irou-brack«( joint without wood-kejs, or with i 
vaod-bncketo for tboae who prefer it. Fig. 343 ahowa this 
in fin, aida trinr, and mm aaetion. A fair vi aait4niB 
InakaU ait Mtod to the laila in the lida ftaaaab by tm I 

balll^ iniiaBdof r iir, n.'! in tlio ca^o or the 'fisb-joint.' Each 
of die biaekcte lia? a bioad I'mA wljich hv.m ou llie sleeper, !i 
aiiJ If !-\ri'ki\i iloHti to it: ll.i> lower table of tht rail ;.ri>- 
jtrctiiig below the feet, and, being grooTed into tbo blvcptr, 
keeps the gauge withoat ttntin OD the tpikes, and ia thi« 
BMda llu belta thm^ Ilia caila ana auflcwot. ThJa plan 
appean the ainpleat of aay of tita nM>daaor aaflulag tha 
joint! of double Z raila, and wonid b« eSisettfa in Mhtiag 
the rail* laterally aa well aa vertically. 

A aimple method, planned by Mr. .VJatns, of avoiding 
tlM ON <^ cart-iron ehain, and at the aame time of firmly 
attadriqg «lw nili to tlw alaipan, la dwmi ia Fig. *MI. in 




wUefc tba denMa-teaM rail In eomnen wa, Ii entirely 

Ik'iIiIcJ with liiijltr -i'.v br.i. I.tt.t iin llio liitilier flfM-jicr, 
anJ is frtri froii concussion and noise. The following ia 
Mr. .'VJania' Matctiicnt of the advaotagoa derivable from the 
uaeof tlie timber bnMl(ala,aa8lMiwn:— "la tiwoidiaai/ nada 
af aiii« Ihli MO, • aaaMm lAair or abea ia ipifcad dawn to 
itcaaaraMalaipirflf wood. Ia lUa'dttlrafiioD the tall ia 
Ixad a latanl vedga of wood, and when aa flxe<l, the top 

of till! ra;! i i r;;iiit''l ?c vrn inches abovo the topoftlia sleeper, 
lint, in tlio nijJii uf lixiiig llie rail with tinil«r brackets, tljo 
iron obnir i^ dispensed with, the tower table of the rail ia 
tasik an inch into the ateeper, and thua tbe total height of 
Iht tail above the sleeper ia only four inches, instead nf 
aavaa, aa whiB uasd with iton ahaiia. It la obrioiu that 
«ba Btnaa (Iw rail ia alafatod, tba nan dflenlt tt ia to keep 

H ftn tgainat the lateral blows of the engine and earria.'!) 
wlwda. Til© ftdrBntasti, therefore, of the improved mode 
in lowering tlia l au, m-ariy onc-l.alf, nni.il ln' clrar. 

''In uaiog cast chairs, which arc spiked down to the sleep- 
en, tbe apilcai akma have to sustain all the lateral shoeka. 
Ia tba imyntfad aiada^ tbe nil baiog graofad into tbe 
alatpaii,Mltiathalalafal aadrtaaaa diraal^, aad tba only 
nao of the apikea is to bold dam MttldaUj; TUa ia a 
source of great safety. 

"Again, llio grooves for tlie two rails bein;^ out bv 
machinery, an accurate gauge is obtained and maintained, 
iadapaada a tly of akilled labour in laying down. 

**Afifai, tba doaiila-baadad nil waa origimlljr daaigned 
brlkapupaaaafiwaniag^aa that, tba ipparaida being 
tao mash worn, or pioring nnaonnd, the lower aide might be 
tanad i^mida. Practically, it has not aerred tbe former 



NT WAH 2fl7 

imu clutira, as mostly to be aselesa for Any finn fixing In 
that mode. Bat in many cases, these liam.ijod rails, un- 
fitted for eaat chairs, may be tamed to account by securing 
them witb Ilia wood brackets. The aide ehannela of the raib 
awgaoanlljr nultand ia ftn»aad to tlufa the bnickeu 
«aa at aajtbaa ba fataaad, aad tba Rioona in tlte •Icepers 
may ba ent to any form the table of the rail has taken. In 
thia mode, eeveral years' further work might be taken out 
of tlio rails, and tba rata* of iba «U chain Bl|^ htip to 
pay for the improvement. 

" By using the rail only with timber fasteninga, as shown 
ia tba dkg^am, tba rail ia in no way damped, aad m^y ba 
afiataattyrannad. fafbaaiadaaf naiagtlmanaiwMk 
iron diaira, and wood fceya, tbe height and unateadineaa of 
iho rail rapidly croaihea and loosens the key, so that itia 
continually falling; out. Aii.i U-.i^ in::i.irrii;r; at the joint, ia 
a source of groat danger, inJf'|ic*ndi-Mtly uf the occaaional 
fracture of the east-iron chair?. 

Tba two piaeaa of hardwood ara abont Ii iaahaa la liagt^ 
aadSliadMaia width aad tUabaaaa, aad an bohad by a 
liqgla boh tbroagh tbo rail, one ia «aah ebannel, the lower 
rib of tbe rail mlbig on a eroH ebamiel of the trans versa 
«lciptr. Spikea are driven tliroui;!) tbf pifcts uf .aX into 
tlie sleeper, and the whole ia secure. If the timber ahrinksi, 
the bolt is tightened in ita dry condition, and will ever after 
tcnain ti^k At tba johta, pktaa of iroa an plaiad ia 
tba rail cbaBBfla, bttwan tbe timber bnokala and tbe raH, 
the sana bolto aaoariag fba wbila; la aoaio eaaea, in 
laying new nfb in perfect eondition, aid witb hardwood 

brackets, the joint plates iiiij:lit be dispensed with. If pre- 
ferred, the brackete, instead of being in short length*, uiight 
be continuous witli the rails. 
" In addition to tba meobaaieal advant^n^ than ia a aoa* 

from tbo radond aaA hitte Mdh« ttOmrA 
And by rsoaon of tbo radaead be%ht, a aavbig to bdlaat 

Biay 1)0 effected, and upon tbo genera! outlay, taking waste 
into consideration by breakage of chairs, the caving in lay- 
iug down .t lino may be considered aa ayihrahat to tfca 
whole value of the cast-iron cliaira." 

" Occasional breakages of east-iron alaapan^" it k aiB* 
tinaad in tba paper abaady qaatad Ctnin, "awiqy to tha 
deaintolaaaHi thafntcaatcf BMliflal,aad Aaaaadaly 
reducing its proportions, caused iilliaHllH to ba tanad to 
tbe capal>ilities of wronght-iron. 

'•The taiialeback lail of Mr. \V. 11. li;>rl.iiv, preri- 
ottsly allttded to, was tbo fitit raaalU This rail, F^. M7, la 



ni.a«.-aBki«k. 




usually 13 inches in wtdtli, and oi inches deep, and weigha 
ISC Ibe. to tbe yard.* It is stated, that 'it will bear a 

^T te^wei fiht uaw j(coeralljr used [MM] ia 00 lb*, to M IIm. per yard. 
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pnwmflf WtaMwItlwt y ta fl ^gwH hi>Mtii,Mt4rf 

ST tons between bearings, 4 AH 4 iodtM tfmi, vMbwt ito 
•kitleitj Iroing injured t t1i« tllffillM of dis ndl «ittia]Iy 

inrreues its luar n^- fi)il"ai<\ f t 'f ;k iv.iL'bl be placed over 
the centre tle«pr o{ a kngtli, and ibe nit be flexible, the 
vrliulc of th»t weight will bo borne by tiie «l»»per, wberoAS, 
if iht rail be rigid, tbo w«tgbt will b« cqmll/ ditlribatad 
ovar the wljoining eWjim.' 

■* If tUi nH b* li 1^1^ M it to J wir tt» < to b'- wfth n 
|»«p«r CKtcat of bcMuii^ forfaeo, and it tBffaeni'.y Iir :tvv 
to remain <]uic7rr.; un^IcT tlic rolliiit: ]'ki.U. tli<ro <iii_-(ii t<» 
b« no cnst oi ' iiiuiiit«ii«tiuv ai w»v," but m\y the rx[ieu^o( 
icniwnl I'ron) lime to time. Dut, opon examination it ap- 
pHuv, tiiat though the rail ie 13 inches wide, tliia ii not ail 
true braring snrface. If the trough, or hollow, wmfillad 
«itli adhww ballMt, tbat eooM net lean it. tin wlwlo 
width WHid W bMrinf mrfaee, hot h kfiptwa ttt lia oo tlw 
h^illasi a' 1 raddle lies on a horse's I.a^l. Tl i- ^lat^■•I. that 
cojiei ieralilf noise ie cx|i«rienoed lu numiiij; ovur rail. 
If so, tl.ix W'jul I indicate a lioUowneM. In drr landy bal- 
iMt, hiiMi vir well the hollow of the rail wight hn jtacked. it 
IMM alwajra be faJliBg mnv from the npper part of the 
IM^. Xbtm i^ftin, iIm nd* (oifim to ntiit dbplaosment, 
bj tiM lonli «rf tlw «igiM, » Irat 4 iaolMa, Id • wtdge form, 
tapering down to a sharp edge, like the form of a plough- 
«har«. Tlii» want of hold muat render the process of pack- 
ing T«;ry Jill: lilt. 

" It ts etntrii, tliii* ' in this wronght-irivi tM. th?re ii a 
sensation of linrrlncsti, which appears to n init from tl>o rails 
Inviag bctD laid down • aiiort lime, and not baving bom 
mm to aattdmt •ttnaoM en the upper snHiwe.* Tiim 
can be no doubt, that the mere roughD««s, from the rolls, 
on the surface of rails, is sufficient to produce paaitive blows 
at big!: ?]>i'cii^, iii'l Wi rr it prn'_'ti('jKl<' t" jiri^iiuci' a Ftivjalh 
surface nu ilicni, (here woulii b« a great aUvai)tag« in it, not 
merely bj the even face, bnt by hardening. But asniBK 
inf tbo Mddi^back rail to bt a t%id girdtr, anothor ooi^ 
aUiMtlm amuK It ia Katwt, I7 Biq^rinHntonb tliat tlio 
Bnit of Wright which can bo borna by tbo boat wrought- 
inn, befitre it begin* (0 b« crashed, it 11 tons to tlie square 
in-li. llail-ir.jii has been italoJ to l.-t i.nlv iijMivali r.t t" 
8 tons per square inch. But the impact of a <iriviis|^.ttlieel 
nidi }tW8 weight OD it, is only on a point, and under favour- 
•fcla aiimnntaiMea » UiM| aaloai tbo nil dafioeta and |iart^ 
MHrf tha wiMtiii. If ihtabaoofMalttt blloMHitlMta 
n^tMgM to hmtetoamd nil mt mdac ln»T7 nifvm, aa 
baa aetoaHy oeennwd in tmrf lialanoot. Tlwi^ it maat 
bo flat; il, on iln- .iilj'.'r side, that there are many rails which 
have l>e«n Jonu for years under heavy engines, and are still 
Dot injured, probably escaping lamination by elastic defleelioil. 

" Ii it bo re«oi*<Ml to eoutiaiio tho uto of iaflaiUe giider 
nili, of low motlMMb snt Va nawtod tti. Tha 
flial kbto fltoha tbo lafl afatatiiar toatailtbainriMa*; 
■ad Iba atbar ta. to inenaie the widtb. Aa ibo woigiht on 
the engine is greti'or tli.nii (Iiat on tlio Ini'-.i-i-.-.i rinL-''^, nr 
waggons, it might l>e desirable to c>on«truct ik> wiiii 
two anrfaeee, the double surface for the engines, and the 
■ingle surfaeo for tlio train, witb a diannel rolled botwMD 
the two for th* holdiDHmn boka, wUch will ba pnatntlj 
alladadtOb 



«■ tha abaolato niiitoity, h j 
aonj «f •wdntaDaMaaf injr«* ol oblainiag an lainlUa rmili. 
tbat wlTI not eroah «thar tbo ballaM, or tho atfopora in €l»- 

tail. tl>^ q'i9Btion changes from >Ir. Harlow's rail to hi» 
mode of connecting his rail-cuiis tagi:ther; for if the con- 
nection docs not produce equal strength with the other por- 
tiona of the rail, misehtevoas raonlts ought to ensue, aalaaa 
thaniddlo of tbo nil bo tbrootiitMo tbo breodting, or daiio»- 
ting atMqgth, aid tba jwat tm'oe^ aad tb» than to » 
waste of on«-third of tbo stm^ of tlw Mil. 

'■ Tljf iiiii'Ir' »«cil, i» (!' y]r>',' tidlow the two rail-ends a 
ai*.i41t' ui wruuj;lil-irii», aKout 2 feet iu length fitting lh«f 
trough. To this saddle tlio t^^ n rr,il-eiids are rivetleJ firmly 
at th* outer edges, without any provision for expansion or 
contractinn. The upper portions of the rails abot clostly 
t^ithar, and tbaa tbo lawar |iart ia in tanaian, and tba a|l|wr 
fwrt fn oenpnirioii, and iho twa Migithar toim • htaa, Iba 
strength of »tii[:1i uiu?t <!, {)«nd OB tha pcm af tha rints 
to resist lituig .ihtaruJ oil," 

The joint plates are now [I854J made about S htl 
C inches long, and additional rifets are found desirabV. 

" Supposing the npper, or abutting portion to b« lemov- ' . 
tba lower portion with the rivots would bo apt to bend nadar 
a load, coHoqiiently the stren^h of the joint most depood 
on the abutting eri<;< an t the strength of the rivets. If, 
therefore, there be Mty vxjjiinsioii, the rails must elongate 
through the whole length, and slide ovi-i tin: '■urfn'c, or they 
will buckle upwards or sideways, liat it is said there is 
no expansion ; and if so, it is possible that the eoatact of 
tbo oarth oaniaa off tba boat aa it ia genwaMd, joitaa wator 
I off tha hMt appliad to tha botlaai at a bailar. 




W. H. B>clvr'< MSMack larl. laM M>n_Sali l-luk 

It would ttjiftear clear, that when the upper portion of 
thto nil ia wwn tlw trafflo, a trot;; iaijo qoaotity of iiou 
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win km U U imond, taA Motwtd. Tliu, ^ ^ 

BMchanical conveDien(« on the other.^ 

or UU). lh« fonti of the aaddle-back nil ha* b«en modifisd; 
»nd the rail is now (March. 1854) r«comm«nd«(l »nd applied 
by tin Permsneot Way Oomptmy, of the form shown in 
Fig. 848, to whieb th« plougiuhare-aotioti, alludad to by 
Mr. AduDi, M noth ndwad. if not qsito nmerad, w tk» 
nibKvaanftrflyipmtkaMlHt. IkiiiMtiia. MUh. 
p«r yard, ij aoqpk^ bjr Mr. Bnml an tin WwtOMmnll 
Railway. 

'• Assumiu); that, for oertain purpoaei, tiic J rail might 
b* desirable, it remains to b« proved that the nddie-back is 
the beet form, either for itrragtb or for packing. Lateral 
and ftrtieal MiffDMi, with laq^ biwuf auEm Tntieally, 
ad MMiriiy aKaiiut tatanl ihiftiiig, an «Ih oljattt aottght 
'Ar; Mid with these pointaiaviMr,iteT-imMatiu,F|g.S4&, 




witb Ik* nil, or ribiflo Uwiqipirnifiwa^aifMn to bewail 
•daptad far gMMial Ha. In tUa farai thai* ii a baari^g 

■urfaco horizontally of 14 incihaa in width, the total depth 
is 9 iiiche*, and the depth below the horizontal sarface is 
Ok iaciies, giving groat vertical slilTiir».«, ntai serviDg as a 
keel to prevent lateral morenienl in the (.'round, the rail 
being used without any sleepers. To form the joints, two 
»h«»l i. |ito t «» abwitS feat ia length. HMt ba baliwi to the 
VHtleal aid kariadiilal yatliaB, with aHawaaaa far azpansion 
and contraction in the hole* through the rails, which are 
made larjier than in the che«k-plat«>. This rail would lie 
very finuly ni lUn Lialla^t, au i Uit jackji.- irom the surfaco 
would be very easy, the vortical wi^b fortiilug a solid Lack 
to ma tha ballaat againcl. If it were rei)uir«d u> key more 
liB^ ia tha grsnnd, a limber might ba bolltd to the kwer 
edge. It night be objeeled tint there iroaM lie a dUBmlty 
in rolling this rail, but practice dcrreoacs tlio3« nbjeotions 
daily ; iu fact, there is, practically, no mechanical difficulty 
tu largu demands. It might b« olijcK:te(! tu lliiv rail tiiiki a 
might b« noisy, but probably it would bi- less so than a 
lnmiM>nB rail. 

** ir a quiet rail be rof Biiad, withoat vartital dalieot M B, 
it may be produoed by tiiSSag aa upper labia with a deep 
thin vertical web, and bolting it laterally between two tim- 
bers. To secure adheeioa between the timbers, the sides 
may be rolled to the form of the pbtokinguf a cliacher-bailt 
chip, multiplyiag io that made hafiaantal beariag aaiiaN 
on the timber, or a THnwd nA muf k* wad." 

Fig. 352 ia a ^rdaMta|ia|0Md by Mr. Mam M 
to employ the amallaat nnmber of parts together with the 
iiKixiii.utu of vcitiL-al uiiii I.-»U.ral slifliio**. " It may beoon- 
sidered," ho says, lu his description of it, " a aiugle-hwded 



with • fairaf latmal aappartiag wiqga aaparaddad at 
lhaparftimiaf thaatvlnlaat ar H mj ka aaBiUmad aa 

a loot-rail on the American plan, with a knrer Tcrtkal fOt 




aMaMi>tw.a. 

eupeiadded to give vertical atiffneea, and keep the gauge 
without straining the holding-down spikes by the blovrs of 
the wheels. Two varieties are ebuvrn, one 4| inches is 
depth by 3i iuehea in width, nrighlug i2 Ibe. to the yard. 
A joint plate 1 foot 6 inebee in length, 24 inebea wide, and 
i iaah tUak la aaeuad to the lallrenda hj (wo bolta. Tha 
laib ave m 184m( Inglhi. ThaiAam find in ama* 
■lecpers accarately ent or groorod iy a maehiot. Tha head 
of the rail appears small, bat it is amply sufficient for the 
treat! ot tlio«liitI The li«if:lit above the sleejxir is only 
H inches, though the total depth is 4^ inches, or i inch 
deeper than the deepeat Americau nil. 

"The other varia^ (£^.9(1} leaf a amular fb(m,wa4g)ii^g 
65 lbs. per yard, and ia 6| iadiaa In daplli, and 4 tadiia h 
width across the supporting wing*. The joint-plates tun 
1 font 0 iiidic* ill Ipuftth, 2 J inclies Jeep, and i inch thick. 
T!i>! In:.iil, ur '.veariii^' table of this rail, Ls "i iucht?, rtk.ch m 
aaiply sufficient for wheel-trcod, unless imder euurtuoua and 
unprofitable weights. Bmls were originally 1} inch wide, 
and thqr ware gmdaally widnad to 
required maeh mora metal, keeaoia, aa the i 
flat, {].o c !_is (-lit ftwiv vihf.i not supported by a sufficient 
depth of uut,il. hi till' iast variety shown, the head ia euf- 
hciently wide to prevent vertical cutting uf llic i-dgcs, and 
the two lateral wings give great itrengtb against aide iheeka. 
With the dottkia T>fail. or with the Amerieao faetoii, tin 
tmd nqnina cnatir width than tha giidtHaa t» pnairm 
lateral atifluaa. 

"For countries where oVilleJ labour is Jcar. .-ir It-r-rriil 
is eepecially valuable. The aleepcrs cut by uiacliiue« render 
aeearaey of gauge certain, though the common eat laboonca 
baeaifl^jad to lay down the line and keep it iare|Mur. Tha 
«»diMi7 Aiaii— nrii, aa saw awat t a a tad . ia 4 iaehea in. 
height and 4 mchee m width. an< it ii lllilljr ftwteneil dawn 
by epikee driven on either aide tha Ibat. Tka nO ia thera^ 
fore eubjcct to couataut dispbkcemeDt by the blows of the 
wheels and the kMseoing of the ipikea, involving great 
to 
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mfc of tht «BgiiM getting off th» Use. Moieover, the flat 
pkto bweath the j«uta boltad dmm to (h* wood daw not 
•flelnrtly keep the nfla iwiit. 

" The riioji common dffeel in raili i* the want of TertlcaJ 
depth. They haro usually been made shallow to prevent 
them from rocking, and the result is, that the rail* deflect 
Tcrtieally, and the wheol» are constantly running op hill 
and wMting eteMn-power." 

F%.9JS3 showa»''diain4''-iai],dMigiMdligrW.B.AdaaM, 
eapwaaUy adapted for IwJ nwiiigi, aad ftr atiaat ac hjgb. 
way lines »her« other T«hi«lN are intandad to no. It ia 
thowu as intended to re Terse. Tha Com n that of the 




CkuMl-bM. b; W. B. AaiBL 

lattir H. Tha horiaootal wab whioh enuNOla (ha two vww 
tiaal aid* tagMhar k fcimd with hgli%diiM«h vMahpaaa 

bolta or screw* to biten it i« tha tnaataiaa, or horiaontal 
kleepor. int« which It is slightly groorad to aaeare the gauge. 
For niriN'i an J t>:i\ work it w reqaired that the paving 
shoutd come cIomi up to the rail to eecare it, and |ineanre 
tha lavaL CooM^oently, the flange of the wheal amat ran 
batma, and it can be eahar a atttial ar aida flaaga, ataaid* 
tag aa tha wfaad may be reqaliad la aaatata*s hmiir ar 
lighter load. This rail may be made with a aingia channel 
if preferred, bat with a doable channel it is capable of four 
reTersals if used witli li^ht loads. Made with a ilnglo 
ahaaaal it would bo about 65 lb«. per yard ; double, it 
waaU ba about 90 lbs. per yard. It most b« borne in mind 
that raila axpaaed to ba ran ofar bf haaij iMd-«acta aid 
waggoaa woald icqvlra ta ha man flrnlj find than aaeh aa 
aiaprDtaatad fitoai kitaral Uow -. Tl.i-- j; Int^ ar.:. mr.ilr \ y 

an iron eaiting, ora piece of tlu! same rail, boUeJ biiieiilli 
or laterally. Instead of limber-sleepers, stone may be usvil, 
and tha sleepata may ba either tnuiavaiaa or longitudinal. 
If atMa^ptta ba and, ataitio ■rtaiiil alaold ba phwed 
beaiaihtha laila. 

" Than b anailhar anljeat hi nShnj lHdBt«mne^'' pro. 
Oaadi Mr. Adams, in his published paper, " which appears 
to have been overlooked. Provision haa been mode fur 
drainage, but not ibr drainage in immediate contact wilh 
tha raiL It ia known bj aqarianaa, that tha vibralion of 

apaec, batwaeo tha twtiaal odgw af tha daapan «nd tha 

ballaBt, when the weather {• dry, and that into thsaa paa* 

lions uf the way ra ■; lln l-i i;s .v,!', (m » drain. The 
sleeper, Iniiii^ nliM l iirly ^iimm, iVuni all Literal adhesion, 



I.JI ar.J lo vii f -'.ii ath the trains, and poaktag is 
la^viiad. Iheooaingof thafiaa-waahedaandfroBthaaidaa 
afthaabipn ^ yatalatiMionHothowajmwM. Manaaar, 
aren in eontmoona niay weather, tha ballast being an ab- 
aorbaut material, ar apnga, and tha alaapcr non-abaerbant, 



the jrpiiter ii.aas of water will be fouuJ at the point of con- 
tact, precisely as the water of gravel-beds is iiitercejjieU by 
a clay stratun. 

"IsapMaaad with this defect, the author waa kd ta aaa- 
sidsr tha praetieahSity of getting tha dniaa elaaa to the 
steeper, and the most obvious mwlo was, to make the 
sleeper itself the drain, by coujiriietinE; it of perforated iron, 
or supposing iron-rails to u*eil witlioul sleeper*. ! > i:i:ilie 
tha nil itaalf tha alaapar. The pUn proposed to aeconiplisli 
thb| ia ta rail ■ nil with a deep thin vertical web ; two 
■^gjbfiaeii a( aaali or of aiiaaa itMi, bam to tha re^uiaita 
fern are beltad to (ha (oO abara and balow, bNaking-joint : 
these an^li>-pl.at«ii are perforatod, and the water will fin.l its 
way through the parforationa, preoiaely aa it does iii ordi- 
nary day drain-pipee, and nuf ba lad tmj *• tho artldv 
at eonnnitnt iotarrala." 

Wo hnva fhna andaaiMond, ta tho btat o( oar alB%, 
to plaaa balbra oar raadan a eooaplala and aimnaatai aa* 
count of the plana of permanent way now btAira the pabBe ; 

anil we iiave to iicknowlenlpp, in adililion tn the eourtesy of 
Mr. Charles Manby, the Secretary of the Institution of Civil 
EnginM>r<i, the valuable aasistanea we have derived from 
Mr. Ghariaa Maj, and Mr. Jaaiaa Sannal, of the Par. 
mannl Way OBinpwy, both of tkam a p g l n atw of kiga 
and varied experienea. We have also to acknewladgo iho 
valuable aid of Mr, W. B. Adams, who ha* given n* the 
benefit of his mature experience and uii^eri;uii.n, an 1 has 
enabled ua to make some important additions to the stock 
of information contained in hia papar already puUiihed and 
nianad to. Thia pafar, it araat bo ofaaarved, waa wiilUn 
aarlj ta 18n» iBd,aa thamofothangtaUaaDd pragrattiao 
tapiea for aoniidmtiin, it hat now, we hope, boen dal/ 
supplemented, up till the present time [March, 1854]. 



i]iv subjeel, we must aiid a few remarks i 



tho (jucstion of progress!, which ia occasionally designated as 
" speculation.'' It k ^oila clear that *• famauM my' ia 
nat yat faa^jr panMMnt, bj anj knomi pwmM,aBd it 
naw p r usaaaaa are nat to ba piofad thar* can ba no (lanea of 

in jjrovemcnt. All probable plans shouM llcerefore be tried 
nciil compared, not in the costly and unwi.se course frequently 
re?orte-i to under the pressure of a difficulty, making a wide 
change without previous trial, but having oonataatly on trial 
everything iq>pearing thaoratlcallf and that aanat 
thearattcaUy bo dw n aM tw tad to bo nwg. Uanaha^ 
riminla «m ajratamatiaally pnnaad ca a antall aeala wfth 
every vaila^ of fixed and movable plant, im any one rail- 
way, or under the inspection of the Board of Trade, the 
result in saving of maintenance would now be demonstratad. 
To illnatrato what wa mean, wa aa^ ntm to tha Aah-jaiM| 
which laid farabng tinata abt^mo lAv iii Int po- 
dnetian. ItiBalaorthatthaprinciplawMMaaudttadi^ 
it Ml tha tavantar'k brain, as it is, now that ao laO. 
way con.i>anie9 have adopted it. and that the probabilities 
were all in iu favour tbeorvticiiUy. But it waa a " spccul*- 
tion it had not been tried — an objection applying equally 
wall at tha oataat to tho wholo railway ^ateoa— and thera. 
fao it ma Mj^aotad, and tha awiitgof atona of poaadaper 
mile per annnn hi maintniinat ma pa tt aal ad and Itft to 
tha chapter of aaoidania. 
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PABI fODm-MSlSIANCES Of ENGINES AND TRAINS, 



OH AFTER L 
HifivBiaiB 

The iloctrine of cngloti uini ti-ain-ieaiEtancoa Ills tml vet 
(t»Dl) iMeo plac«d on asMiafMior^' lisie; and much expo- 
riinent U wanting for the obtuuinimt of tafficient tbta, and 
ih* dc?<lopin«i( of epitMt fmoiplM. lira ciieiuiiiteiic«B 
tintli^llM NdalaaM of Tiilmij tniitt la BMtiM, an ao 
variou) and fi ^i.valvi;:!, itiat nothing 5lj;irli>f a Government 
CominiuioD, ur a c&mljiualiau aiuoug railway anthorities, 
on a lai^ge icale, would lufliee for the diacuasion of (iio &u1>- 
j«et on tb« «cal« domandad by iU importauoe. Be it our duty 
to do what we can for tlM piHMition of the inquiry, and to 
vubpii Iha nralto of owr ««n ttpuimM mi iBTwti^ttion. 

Tho laM Mr. Stafbrnfon tnd Mr. IfiabolM Wood made 
come <-\[i'.Tniicr,t-i. vvllli tin- c'lal wa^^oc* on the 

Kilting«i(;>rib iiiiiiwi)', U aaccrUia Uaeir tractive r«aiatanc8 
at alow walliing 9p«»d». The experiment;! wi made by 
mMna of Apndulom djaanuMMtw, Mrefalty coDttrueted, 
utA tmattb^ giMdulil, Mid Ouij were cooduoted with 
■ndi tm Ml MMHH. The miggoM liad bar cast-iron 
wbacb, 94 tbe&w in <tanel<r, with flang« f inch Ugh, fixed 
on wrought-ir< n wliicli -.vcre 4 foot apart, with intide 
jouraak, Sj inehee diameter. The raiU were of cast-iron, 
is bngtha of 9 feet 9^ inches. The reaiatance to traction 
«a • Iml, wild fimm 10 IbiL to 80 Ibt. par (on of the total 
might «f tkt mggHm, witb Unir lowia. Tho variation 
madmtodia atatosf AatAMkindiholiiMlafk Tbe 
traiction was least wKb caMtiarlMod wiMib and braw bear- 

iBj;?; with toft or uiiliarJciioil wlu-r!.-*, aiul i-x-it-irfin bear- 
ing*, it wa« greater ; and it wa« greatest of all, with saU 
worn wheels, and wrought-iron bearings off the hammer. 

Vanf otlur oiforiiMnta on tho niitUBOO of tnimhaTe 
liBM bMB tMA> wHh TifkH loidi ud aputia. Bat they 
m, nmt of tiMin M iMit, opm to Hn oljMtiMI oC being 
applteablo nnder the aetiul eonditlom et tnim dram by 
t:iiL'iii(^-i tiiiJtri. Suoli arc all tlio^o tLat liave been 
o)4de by the force of gravity on indiiicd planes. Mr. 
Wyndbam Harding read a paper od the " lUsiataneea to 
Bailmy Ttaina at diffiaant VoloeiliMb* in 1846, before the 
lutitatioB of CSvil BngliMai. Hi* oondaioM mro based 
prioeipally upon experiments made on the 4 feet 8i inch 
gauge, by gravity on inclined pUnes, and by the Atmospheric 
Railway apparatus. Tuc formula vuib.iJvliig liis rt^s'.tltsi 
and constructed by Mr. J. Scott R4ua«ti, was adopied by 
him simply as an empirical formnla. It recognizes three 
olemeuts: lint, frktioo, oomtsBt at all v«Iooiti«B; aecond, 
frontage resistanee, increasing u the squart of the speed ; 
third, rtslstani'o fiom i:oiii:u*sj)ti uiiJ viliraliiin, held to vary 
simply a* thn velocity. L'-t <> H-'k. |kt ti-ii represent the 
frii-ti jii, T — till' t jtal wci.'Icl of tlie tr.iiri ir. toiis^ V - tho 
velocity in mile* i>i-r liuur, Ujs. tli-'winJ robist.mcL 
V 

|>«r 84aare taot of frontage, — — the concussion resistance 



at. anil above 10 mile* |>(tr injur. N ---- the frO l lt| g O tf tk» 
tiaiu in square feet. Then the formula is 

04..!^ + ** ^ Total reairtance in ponndspgtML 

The conditions under which tho famnlft Is wpoetcd to 

a|i].l\'. .ire, an uiiircnii sptfd maintained in calui wca'.lier, an 
uniform in^Unatiou upou a liii>t free from sharp curves, and 
the rails sji'i carria|i;r5 in |,-ij<i 1 working order. The following 
selection of osamplM Crom Mr. Iiarliiig''a t»blo illnttnttoo 
the applieaiWB of thi fnmTiU:^ 

ntiiiiiieK 
mnji or 
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Paniartble. 

do. 
•lo. 
do. 
do. 
do. 
Calm. 

Nearljr ealin. 
PaToarsbUi. 
Liibt, sgaiiMt 
CaLn. 

Lieht, (guintt 



The funnula, it will be swn, gives generally ap;;r jxinnte 
values for the rcoNtanso, Still, in some cases, it is widely 
amiss. It is iMf-, m OMOsiro, compreheosive enough, nor 
is it founded M OOHOflt |ciMi(lMs boMHUO, intf Hu 
frontage only fa Uik«D M Ao nMMnm of wind iMiMUM, 
whereas, even in calm weather, the sides, top, and bottom of 
the carriages, must offer resiitanc« to tlio atmosphere. A 
formula specifically recognising atmosplierio resistance, 
should inelndo, 08 an elenoDt, tho Uqgtii of tho tnin, 
weU M !«■ b^g|h4 aid iridtli. Satondly. tH «lii»vttiaHa 
rcaislaaowmtt «U7a» A* ifUN of dM ipai^ & MMI- 
pliaoee wHb tb« tmlvMMt bm of {fflpolM ud fflwalhn. 

and it is therefore in^rrept t'> InlM Kicf an v ''teuiait of 
variable resistance, regulated l>y Uiti vtslco ity euiiply. 

>lr. Daniel Oooch is the only experimentalist whose re- 
sult* are vortlij of implNit oonfidaiMo, lor h« ofoiaiod 
with tlie tnran pooiialj aodir dio mo^iIdiu of oidbttiy 
practice. His experiments yrm mtJn in 1847, 00 the 
Bristol and Exeter Etailway. 7 t'fvi g'iu:;;^. in connection 
with the gauge iiuestio:! tlien a-itatei, ai.d were jiulliflKid 
in I8i8.* It is oar conviction that they were cuuiiucted 
in a spirit of thO •tiktMt inpartiality ; and as the experi- 
menlal apfMHttn «w ohboiattd with tU alauK owns aod 
conrideration, trarthj of tho ^gh chaiaetor of Mr. Oooth 
ai an ev|ierini<i!itfit)»t and observer, we shall have pleasure 
itt iuvestigatmg the results of tus experiments, as we hope 



ii AnoaCx^ttia, 



BAILWAT VMBDIWT. 



to cdac* *<m» prineiples of gcBcrtkl value, and to miatnwt 



CHAPTER IT. 
Besistaxcss of Tbxibb ox tub Bbtek Fest GArov. 

Is » papar ■* On th* Bwiitnw to BtihiiajrTiaiu at dlf- 

rtnt Vrloeilie*,'" read by Mr. Oooch lioforn ilio Itutitatiou 
of Civil Engineers, April 18, 1848, im tiiiiU/died iho r«- 
»u\ta of hti experimenU, and L» ihowcd in what reopects i 
Um aatptriaenla af Ui fwdtc m oia mn dafiaiant. With 
itqpacl to oqpifiMiito n«b tlw fam af gwthjr on de. 
MMdiaigphma, Iiatnily aaya that " tin rwLitoaea naj bo 
nada to wywith arery chan^ in iho poailko ani weights 
of the earriA^a iu the train, A licrwv can iaL;t>, Tlt itijtance, 
plaoed betwMD tome light ones, wiii sliow a greater reaiat- 
■nea tu that train than if it was placed in the front ; and so 
{■ inpwtioa M tba cMtjigaa an po^ad, iiataad a£ baing 
pqUad dowM tba iaeHaa, wili tha waiiUiwa inawMa. 

"Tha flrat earriaga,** ha fnowda, " whether heavy or 
Ilgjbt, if not praaadad iy a lawMMlire engine, mntt, with a 
head wind, get the wLolo rc-'i'lancc liuo t.i (Hp fn.iiingi?.'" 
" Ibia retarding force baa to b« oT^rtMiH- by tii« gravity of 
tba wriona carriage! in tl>« train poahing at the first one, 
and coBH^anl^ paiUof eatli olbar, and in ara a ain f mmj 
of tha ioaivMor naiatanaat in iH(» ancdy imnii^ tlw 
practical working of a railway train. The reaiatance* mea- \ 
sured by this method moat, therefore, be rery uncertain, | 
niid viA. I ih.uk, In all caiea, excaed tlieauMMiitdaa totbe 
aame train worked in the uanal manner." 

Ja dwaama papar, Mr. Oooch enbsequently deacribea the 
djiMimMMt«i''Miriafa aaada bf bina at Swiadoo, and am- 
pfoiyad in tba tipwinaBla ** AU tke nralla n^oiiad aia 
regiatered upon a large acaJe, opposite each other, on the 
aame roll of pa)>er. The reaulla that are tboa obtained are 
brought tojfii.cr iu Uw uiauiiiT sbjMii in tlic :i<-inili< of the 
experimenta accompanying thU paper; and, lirat, aa to the 
tractive power exerted. Tina il abewn by a alightly-nndu- 
lating line, aadi ondqlatiaa nnaapondini aritb » naaalntino 
ef (ha dnvlof'^diaaf. Tba <■«• of ibaaa ngnltr wdiila- 
tioc^ i(]>|i>'!ir4 (0 be the alight variation iu the jiuwerof the 
engiii'-, .ui-viriL,' from the angle of the rods causing a little 
iiiiir'< |iun«r to L>2 admitted on one side of the piston th:ii) 
the other, and this happens to butli cranks on the same side 
of tba eootre. I found no dilEcolty, liowever, in producing 
• afaaigbt tiMtMii4iiia b/ tha ua of * pur of amall elaae- 
ended ejrlindaia wttb koaa fitting piatona attaefaad to the 

ilynani'iTiictfT sprini;, ami GIKd with oil. TI.esc oy'iaders 
),iave thi! cfftct of avtra^jiug any rapid or emduiu iaipula««, > 
such a« the unequal pulling of tlio engine upon the spring, 
fnm l3m oil not IwDg able to jiaaa the platon (jaick enough 
to allow of the Wiatieo of {wwer in each impulse being 
ngiatand. Bnt ant aaaiog aay diaadnatagaa in the undu- 
lating tractlon-lhie, I eea^darad ft bettor, hi making these 

expr rin:!. III.-, n:il l-i ns-tt .lil-i yliiiLli r<. so iIkiI. I might 
SToiti any duulU or ijuc&tiur.^ iraibg i4>i«k:4 iu tli« ctTeot 
they might have open the aocnracy of the experiments. I 
iiava, faaTCTar, am aafani oaaaaiaaa triad tba affaet of tba 
oH-cjIladn^ bj aaddanlj dfiviiig «at tba bay hoMin; tba 



' pittoD, and fadttd dia atratght Itaa ahangid Into ana nada- 

latiijg equally above an J bulow it. The trictioii-^^prini; 
UMiI uaj < fast 6 inchea luLg, cooaisttDg of fiv.; platr«, cart»- 
fully tapered, and kept at a diatanei> ot i incli apart t!t the 
middla, and tba distance piecea at the enda made to 
a«l an nOm. Tba wbola waa wj cartfiiUy fitted, and 
mode to work CraaHnai ftialiM. Apaaiil it«MMfhM 
this spring to a tobia iibova^ npoD wUah « nO «f papw la 
moved by a meaauriog wheel upon the rail, and which mea- 
sure* and registers upon the p^er every iVth of a mile tra- 
velled over. In connection with tbeae dialancet. a tiai^ 
piesa ia wad to ngittar tba tima avaij ith of a aaeead. 

* Itia w>ly naama iy . tha w liiiii, to aowit tha aambir of 
seconds or fractions of a seoood it «M or aWN «f the di»- 
taueo diviaioDS, or in a portion of aaaoffhaaa dlriilona, and 
the speed ia vory aocurattly ascertained. This I eonaider 
a very important part uf sity dynamometer, oa a very small 
inereaae or diminution in the velocity of the train during a 
short expanmaat baa a Toiy gnat afoat opan (ha amont 
of power Nfiind, wbIA n aharly pnaaad hi af Oa 
experiments I have made ; and it mult aok ba fiMJOltn 
that it is not merely the acceleration of reloeity due to the 
iiiafs of the train tlial we liavo to couU^nJ with, hut >'3-h 
wheei and axlo tit %im tram itas its rolaUoQ acceleratei,. 
The resistance from this eanae amounts in the aggrc^act; t i 
much more than. I tbinki baa ganmlly baas aai aul atad 
upon, and, il appaait M ma, Bay aacoBit fcr aooia of thaa* 
I discrepanciea that are found in exparimeuta on railway re- 
I siitances when tlie speed* have been taken by a watch, and 
aS'iTa^'vd (ivi;r ,1 i|i;artf-r uf a mile, or more frequfntiy a 
longer distance. There is aootber important eleinuiii af- 
foetlag the reeistanca of railway trains, which 1 tndcav lun-.l 
tov^l^tarttia., tbaCDNoaad dinetioBof tbawiad. Iba 
knowladga of ito fbna n naafol in a eompariaaa of tha aaw' 
ral ''\|i''r;rnfiU«, and thi- ilirtc.'ioti La? a very important 
bcariug upoa the fttsistaiice to bo oTcrcom«. For iustaace, 
a wind direetly ahead La? only tho iWi-i-cl rroiila;;<; uf the 
train to act upoo. but a wind striking the train at an angle 
convarta tha wbola aida of the train more or less into baa^ 
age, according to the amoant of audi ngj*t and ihia ia a 
frontage of a very objeolloaaUa ehanetar, aa tha eftet of 
it is to throw all the Haunches or eonea of the wheels hard 
against the side of the opposite rail, thereby causing a aeri- 
oas increase in the rolling friction. To register the force 
and dinotion of tho wind, a wind-gaaga wa* plased s feet 
abora (ha top of (ba Jjyuaanww t a r ai t iiag^ having tlM 
neceaeary eooneotioaa bce^ght down to penoila oa lb* table, 
so that if a line la ralad diiaetly aeraaa tho paper all the 
various results arc uLtaluid at a corresponding period of time. 
I " It waa important iu making tl)ia inquiry to have all the 
cbv'^k {»mible upon the aocnracy of tho nanlts, and I thsn- 
fon of^iiod a ataanMnditator to tha oyUadar of tba aogiaa. 
I and aooaralaly nwaaared (ha powat of ataam Mod b it. 
Tliese cards I endeavoured to take at four poiota in oldi 
experiment, and succeeded in doing ao in most easee, tha 
chief exceptions being at the very high velocities, wlurc the 
sudden starting of the instrument occasionally cauaKi4 vither 
the paper or card to fail. The difficulty in taking steam- 
caida at €0 milea par hoar will b* laadily undantood when 
ft it aaniidmdtbat it ia aafiaaary to ait^ (ha bnt bdte 



Digitized by Google 



BESKTAHDEB OP INOIRIS iSO TRA1N& 



293 



beam of tlio «iigina, and in this windy position take four 
' mU of cardi in three quartcn of a minute ; an occasional 
fiulw* nigbt, Uitnfm^ be npwtod. Emat now wdea- 
voand to tsphiii the mitna tf dwfBrtnnMiiti tmfioytA, 
I will proceed to the oipcriment? thpm«?'!i'('». 

" 1 miMted a mile of line perfcctij atui^lit Md leTeJ, and 
marlv on tl.c I'.i'-'' of the ^'ruund, a plan and section of 
wliicii it^cutiipotiieii ikam <:3i{niriinfDts, and upon wliieb ti^e 
height of the hedges, tre««. &<>., are marked ac affecting the 
tetimoftlMwiBdBjMiiUwtnia. l^oja^gjtof llMfime of 
the viad during each (acp«rhatiit, ftt dktiiMt fnm tbat r<v 
gistered iy the dTsamometer, I notiMd Uw e^t it had upon 
•ome win«f« growing on the ni» of the line, as explained 
in the sIiMt containing the diagram of the experiment*. 

" It wa» my intention, on commencing tlio experiment!, 
to make four with lOU tone each, at «peed« of 30, 40, and 
60 miiei per hosr, and the liina nnmber with iQ tone. The 
npe^Mutal tiwu eoniMed eif flnt tad eetQiid ear- 
ri-igi^, on eix wheeb 4 feet in diameter, taken indiserinii- 
iiu(«lv from the workini; stock of the company, and loaded 
with iron to rc|irc5tiil a f^ir luad of passtii;;LT9 ; ihia givee 
an aTerage grw« weiglit for ■■.n-li cnach of 10 tone. The 
weather during the four days was not very fiTonrablc, there 
beiacasnatdealof wiodmidnui. All tbete penieular* 
wfN, bomTcr, rmj omfitty noted, ml will hm to be 
taken into ccrisiiif r itirn ii; Jct- rraining the correct resist- 
ance in each [xptrimLUt. It, aUo foond impossible to 
obtain exactly the »pe«d requin il. ir jet to pet 11. o jpeed 
jMffectly uniform over the (rial mile, and lar a isliort dis- 
tance before coming to it, allowance will, thcrofore, also 
have to be made for any acceleraticiB «r diminetiea el velo- 
city daring the experiments, which I, however, fair is a 
\rr\ •liflli.-ult uiii'iujii 1. 1 intimate. In tli« tallcB sci-orn- 
[sui^iiig lliU jsapcr, [and in Report'] tlio Tariuu* t'X)n>ri- 
tncnts are auranged in series, aecorJiiiL; to tlj; weight of the 
tnin and the speed." A aeries of experiuiwts were atso 
eaade Ml Brim scorn b« indiuei, with toHous trains and speeds, 
andlhenniUinaddidtothetaUwabovenCirre l i > 

Fran Mr. Oeoehls esteuke tahlse, the firimery ifft-Mf 

aie n.-njoniej anJ arraiiijcJ in TaUc No. 94 ; nanieiy, tlie 

Weiglitii Wll £blU{Al6iliiiU uf tliC SBgilivS Mi traillS, itlL' 

observed speeds, the observed resistances, and the observed 
weather and ataU of laila. Aa the obaerred speeds were 
. ieUom«ifam,(«linnpiMnitfy»i!teaeingordecreasing, 
it appeared desirable to eontet the reeittaneea due to 

varyinj; velocities, for naifenn average speeds; and by 
c«tiiiiaun'j; the corrcclicns rm jmipcr principle?, all of the 
experiuimts woulvi be mmio availaU« iW the determination 
of the laws of resiitanee, without risk of error by forming 
e n p i ri eal ea th aatea, or atoythsg nti ^ eet in g the eeneettons. 

Oar tn( oiijaet, then, we* to ted t&e eitn tnelii* force 
rfqoired for an olieerved acceleration of the apied, above 
that r(^airt!d for the uniform average speed ; or, inversely, 
tilt iliimniilidii o( tractii'i' furi'c ilufi lii .-in VliSL-tveJ retarda- 
tion of the speed. As the observed variations of 8p«e4 wvru 
eaaiparatiTely small, and as the recorded tractions and spcedi 
WMW aelaal amagea, it uuy he aanned, wttbont naterial 
error, that tba dilareneaa of the etowved tiaetiea, and the 
traction doe to the uniform averssn i 1. was Juo simply 
to the as«eloratioo or retardation oi ib« luaas of tlie train. 



I as a moving body in mulion. Now, by the law of lu li^ ? m 
motion, the height through which a heavy body must fall 
from a state of rest to acquire a given reloettjr by jsarit^ 
i lion, tauUiplied by the weight of the hodj, wfll eipieai fha 
i work aammnhUed in the nwfing My. CSonieqoentlj, tha 
! diiferenee of the heights doe to the observed speeds of the 
train at the Lnjiiiniu^; anil nwl rospt'Ctlvdy of a given dis- 
lasice rua, muliiplisd by the weight of the train, will exprMW 
the work consumed in its acceleration or retardation. 
Finally, the work ao Anind, dirided bf the diatanao cnrar 
which the otomilitB MUmb, iSi ttftm tiw tiaetiTo 
force affilad ik doiiig W» woik. For example, let the 
observed distanee na be I mile, or 6SM0 feet; and the 
speeds .It ilio bi'jiintiing and onJ of tlic distancf, OCi milo" 
and €1 itiiii~.< pi f liour respectively, orSSand S9'4€6 feet per 
I sec«]:il. Tl'.r'iteighisduetoiheeespcedeBieilnuidlgrnMaa 
' of the nsnol expiaiaiea, e s 8 iu whidb • b the velo- 
! city io feet per aaaan^ and k the height io ImI. Thay or?, 

FerMadhayvhaer, ^ — Mlfttts 
nrtt adlH rerhev. — IM ftalt 

and the difference is 4 feet. Tbns, the work done open 
I ton, or 2240 Ifao., in aeoelemtioa, la x 4 ««NOi 
and WtiO SUO o 1-7 IbOn la the aeoelentioff traetire 

force per ton, employed in r.iivlti; the spetd from CO riiil:8 
to CI miles per hour i:;xm 1 imh run. Invarsely, if the 
speed be retarded fjom 61 miles to fiO miles per hour, 
1°T lbs. would express the retarding foree per ton, exerted 
in redndng tho speed. To reduce this opration to the 
simpleiitHaM, let«botho arealenitim or letaidinc Jbiea 
per toB t 4 the fpneo over whkli the wtatien of apaad 

takes pla:e, r and r' t!ii> ir.itial and fii.al veloeitiea, and A 
and h the heights due to theee velocities— 

ttail-^airflr-i^; 
ahe, »-a « 0 ■ * ■ ":*' » mo il^T^'. or 

To express, for simplicity, the speeds in miles per hour 
(v and v'), and the distance in miles (d), in tlii< furmula ; 
substitute fore and r, the values of v and v muitiplied by 
1'466, seeing tliat 1 mile per hoar is equal to 1-466 feet per 
second; alio, for <i, auhotitBto » X (siM), there bai'm; £Sao 
feet in ona wbb W« itm, Htm, 

Whence tho following rule : — 

Bou.— r« Jmd tin aeetUruliiif tr nAndiiy Jbm duttom 
(Ti rm aaWMtai «f lie ^peed «f ^inim, mm « ^een dfHa n w i 

Square the obeerved speeds, in miles per hour, at (he begin- 
ning and the end of the given distance, — find the difTerence 
of tlic Fquarps : — divido tho ditTtrfuce no found iiy the di^ 
tanc9 iu milus, — and by 70. Tii>< quotit^nt is the foree of 
traction in pounds per ton of tliv tr.aio, expressing tho 
aveeleraiing foret if tin laal ipeed be the gntter, or tho 
retArdlog force if Iha laal apaid ha tba Im. 
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EkiLVAT moHimn. 



Bj OOM ItHt, tiK observed r«aialMM«l in cotamiM 10, II, 
tS, Ik* «nn«x«d taU% V«. sonr„ an eatiMUd Stt nni- 
fiMin ftfange ape«da, hi^ tht Wffwtod nlon h« iibaad 

in colamDE 14, 1*. Ttu'wo re«i«Une«s claitrly inereaae 
with the epci'I ; aii'i, '>ii tiu I th« mean rats of increase 
by graphic r'^iiKisonlAti ijii, liraw l>.isL-'. ir.c !. L)ia^raiii-])Iate 10, 
on* to MWla group of obaervati nn^. t>i repnnsnt tii« (pMd* 
ia mtln p<r hawr; on ihtsc llii' !. Mt oGT from ona end, 
thi iliit«ii»oi> ■n»HMniin£ thiiiwudi nnntiiiniil in Bnlimnlf 
and dntw vttUnli from tli« polnta mwUvK, aqul in langth 

I'V cotiv-'iiii'ul srali;S to the cilsservec? resNtai.ci'S in cotuniDI 
13, It, li, LcroiioaU' them by stars. Tlirougk thi' s(>T«rftl 
groapa of retulta thns dspictod, dnw mmn curve lint^. tu 
ifaovr the STtrage relation* of the mialaDceai and the gpeeda. 
Bi|MrifliiBto 1* and M are omitted, as thev are exceptional 
CMN of ptrftet «!■■«• Hidbngl* nib. In all thw 
gianM, H will be fimnd, fhe nriilanM* ara ditiiiUa into 

two part? ; tlic i:au!taiit ani tliu v.iri;iLlf ri-7.i?(.ltice, of which 
the lalUi v;uii}i u ihe e^^uaru ui ihv ipecd, starting from 
nothing when the train ia joat in motion. The conatant 
» ia daa (o Um intamat frMtioo of wheels, axles, and 
r ; At wMHa lotlallMa ia daa to the atmosphere, 
to btanl OMilhitiaii ud aaiMMitiii, la vartiMl otaillatiau 
and eraeoMioo Wareaa ibt wHtalf and the iiila, dna to 
iiiipcrfectioii! df ilu- |RTm»n<^n( «ay. (o tdf coning of the 
wheel*, and thvir cunaequent «i»dgiog on the rails at high 
a j aa d a, and to other cognizable c«ua««. All thcM var3riDg 
raabtoiwaa «Bgil^ «• tNUata^ to fai; m tba aqoaia of tlia 
apaad, aa n* ted ia Cmi tlMt th^do^ aodmiaa lhai}iaad 
aimply. 

For facility of reference, the following statement i* given, 
showing the resUtanoes at extreme sppcils. — wlii,-.! tln-vngiue 
or tnia is jatt in muliuu, aiad aI CO mika yn- hour : the 
fttinar btiug the conatant reaiataneet, which must be met 
MtM imjf boUm at all an Im prodooed t aad tiie lattar, 
aanpriaiiif tba aoMtoM a«d (ha niUbIa I 

M, EkcL'X aad TcroES aloile : — 



Will IWlaatlnin, lai Ibai jHrloB, 
mt M dfc lillbl.^ 

tl, Tiun oolv ;— 

lUO toea traiui 0^ 1b«. (kit ton, coa'tant. 
SO do. B 1^ do. do. 



Al « BUM p> tuu. 

It. 44 Um. par too. 

211 Dm. nor 

a iliB. A 



tan. 
dow 



H BmoB. tnan, Hi Tiifl^ trtd I— 
VTNh 100 taaa tnia, SRm, («r«ea,«ai 
mib M da lOHw.^ 



It ia observable that, in each oaa«, U>r oon^itaiit resistance 
with the 50 tons train ia aboot 2 lbs. per Utu mora than with 
the 100 tons train. Thia exceee is due to the state of the 
nila, whioii am. iritii tin 100 tona tnin, in all oataa diy 
and atm ; bat wtlh tba SO tona tnln, wara dirty and vat 
io aeren caae* out of tweWe. But, though the conatant 
reaialanee waa thns rabed, the state of the roils did not 
alitict till: vaiiabli/ reoistaiicf . bcoautt the var^alili: losisl- 

ance per too at 60 milea {wr hoar, ia virtnally the same for 
bolbtf^s biiaf 

ftr the lOD ttw tian, tl| — g| — U| Ito. TV toa. 

„ M do. IS — ?-U Ihc^io. 

Tlific i« in) (ti.ulit (lial, li.i'! till' r^iU lnv-n in r<iiiallv i^ooil 
order, the conatant reaistancea also would have been the 



Aa, then, aa additua ta tnin-iragbt nada ao diCanaee 
oa tba toBB^a4Miitiiin of tb» tnia, a* «nii^; tha 
addition of tha tnrai to tba oBgioo aad tndar, aooU not 

affected the tonnage-resistance of the latter, aa carriage*. 
Therefore, any extra variable reaistanee of engine and tender 
with the 100 tons train, rntnp.iriKl with the 60 tona trnin. 
mwt be diw t« tbo Iriction of the engiao-maekiiiwv ; and 
itia,tt40aiilaa|Mrl 

With 100 toM train, 44- 
., SO do. 40- 



' 124 = Sli Ibi. per ton varisUe r«ai*(ueau 
'14~S$ilha. 



do. 



tliat is, llie pxlr.i triction ui tlin <:iiL'iiie-iii.»ciiitirr_v, lias to 
the mcxuasti of ike train from 30 tona to 100 tons, amount* 
to 6 lbs. per ton of engine and tender at 60 miles per how. 

Tba bietioa af tba amjaa wambhiiMy do* to tba tat 
60 teas mwt, thanibr*, alao be 6 Ibt. p«r ton of engine aad 

t«r.tler, at fiO miles [ht iioiir , auil tilia leaver* 51 } — 12 = 
liiti lbs. as the vstiialile regi^tanoe of tlie engine auiJ touder 
per ton, at 60 miles per hour. To illostrats our mean Lug, 
the diagram uf rosiaiaaoa of oi^^aa aad tmdor, with 100 tola 
uain ia repeated ia dlagpaB-phto 10, wltb a bwrtaotttol Uaa 
setting off tba oHMtoat laiialaaaa; aad tm aama ara 
interpolated to Aim Ilia mteUa iwiiUHMiia af tba at^jina 

ati'I tt^iitU'r p>:r ton, whvn iiiiii ii llWIt, tllli lilBBm Witb 
Un'mi ul i)0 liiua <uid Rid luim. 

The variable reaistanee of the engine and tender alone, 
•t 60 niJao par boor, ia I9i tba. par toa, aad tbiotajwatoato 
«bilt nainaaoa •* matgm, aad «ha frietioB of tba na- 
obamjr (Mr ana aaaoaat. Nvw, tba fnetion of 
maebimtjr dm to Miglne and tandor, ahoald bear the same 
ratio u, i\u:'n tcsi.-laiici- |wt tuti ;i3 rarriagcs, that the fric- 
Uou (if iuacluQiiry 4u& to a 20 toii.t train )>car< to its reaistanee 
per t«ti. We aay, a 50 tona tram, aa ihf; t-ngine and tender 
(Ofttiur «t|gb AO tona, Tba variable auobiaaiij-liifltiaB 
lin-aW«aiBtiaiB,bualNidjbiaaitnadtoba61lia. pwtoa 
of engine and toider ; and ito fariaUa tatialaaee per ton, 
16 Iba.; bothatOOmiloaiiarbair. Difida 1^ lbs. in the 
latiaof Cto lil,lbaa»— 

(O-i- U)ialol9i.asaiala6ii 

(bat ia, tba variabia maehiasi^-fiteiioii dna to tba trae- 
tian «l tba oafiBa and toadir, la 51' Iba. par taa; laarin;' 

or 14 Iba. per ton, for th«r variable resistauw 
as carriages; both at 60 miles per boor. Fmiii ihtsm 
data, A third curve in.lv bn illlf rp^ilatcJ, m the diagram 
of engina'miataDee, to separate the varuttfie rwut^cs of 
the eo^Hia and tender aa carriages, from the machinet7» 
friotion ai^andad ia Ibair paiaoaal tcaotioB. Aad ban 
it nutjr ba noltd boir aaailjr o^atl tba variaUa laaiitania 
of the fni^ir.i^ STsd tender as carriages, ia t« tliat of tlic 
trjun; thi-y are rflspectively J4 lbs. and 16 lb». per tuu. at 
(>ll miles per hour. Tiio former is, in fact, Uw.* llian the 
latter, showmg that the extra naUtaaeo oi the engine and 
lender aa carriage^ due to the niOM aMonitrated loada 
aa iadindnal wbiala, ia aiata thaa aoap«Ma(ad Igr (ba la- 
dnetion ofwind-rMittaoee. die to their au perl or cMnpaetnais 
per ton cf wci^-ht. Tlie variafilf ioaoliiiim -friclion also, ia 
nearly the same lor the engine and tender, and di* ear- 

dif/mi Mflctaipa*tlvity«tlbi.andCttft] 
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•id toncUr tt 60 ohIm pw how. W* wjr tku, for •im- 
fi&^t wUhMft rauriil wmr, •diopi th* mm unable 
I ftr boh A* MUrin aaa «niD, s« 




Taila'. nd Tinui : MCMriMM*. 



11 IbLpvtaivtattl 



How, to analyze tlie ciinslant lesistanres af llit? e-iif;Iiie ami 
ttodtr. Tlieaovvtrc fjund Ui bt, totaily, ISi Iba. psi- ton of 
cnpiuo and Under, witli 3 train ol lOO tons atlacheil, ud 
■poo el«m and dry rail*. It it reasouablv (liat (lie reiut- 
aaw of the engine aud Under u carriage*, wb«n juM in 
■•tieit. almild b« the aame •• (hat of tho tniii, (iillM. pir 
tm; Mdtiwlnkaca, 61 llu.,inNddlwtlieiiliokiiuMbiii«i7- 
friccioii |itir ton of engine and Under, dae to the tracclcn of 
ihe toul weight of engine, tender, aud train, 15U Utm. 
Dividing 61 lb«. into three equal parU, we have, «ay, S Ibe. 
per too of angina acd ttndor, for oonatant manliiiMiry-friotiaa 
4iw to lit* W (an «r Mpm Hd tMdwv ind tha H» do* 
to 4Mh 90 tons of tnbk W» anj]r,tlMtefore, finally, adopt 
Uioftlloving *alaatiwlk*«lMMBloafllta engine and Under 



CnuUllt iMilllliM U 

pontic per to* (4 
LUfiht Md Utdmr. 

a IIm. for En>;mt_' njni T<iu]it lIoIjc. LarrU^^L'd, itidiout Bj*- 

Cllihiir^-tru*"..-!.:!- 

lioD. 

10 fiir EngiiM end Tcodei, luii M Imoi Traio. 

12 It", for Unginfr and Tcnii'^r, atid IW wra Trarn. 

Line* reproMUliug tLo»e constaiu rgsixtaueoii, ore a-iied ut 
the diagnm, in diagram-piaU 10. 

Th* aUowMioa «f nMahinaiy-liialkii tat Uw Uain par toa, 
w thtnoM M tlHrt br Iho cngino and tandar. Tho «od- 
Itaat Molltanoa cf the train as earriagea, is aUo the same m 
that taikM for tha engine and tender. We have, theti, t'vr 
the avantga mmtniit mhtmnioi 

■i|«ak|ii lu*. 

0 Ibk per lOD of Eotiuc, Teixlcr, nd TMat aaaatriagik 

S lbs. per ton nf Kngiti*-. Tcni{«r, sad IMi; mahlaHTJiiHiao. 

8 lbs. fer Urn, Mti onoitont rcuitanetb 

Tha raaittiineat d»a aaalyxed and valued, are based ultl- 

iiiiiu-lv on the esperionental nouhn wiUi tho loo u>ns train, 
upuu a «4migbt and level railway, witli lair weather, wjih 
coniunt eide winds, varying in strength from slight to ve'ry 
auong, and with itj and elaan mik and with lha mad, ttia 
«n|^MdtktttaiB,tBOidimjgood«tder. Ilioinflnmo 
of aoBW ol thaa* dnooMtHMOtaipan the reaiatance ia illus- 
tratad in the table. Thus, in esperimenU U and 26, the 
weather was [wzftctlv f alni, and the train nn-vcil at u m»an 
speed of 63 miles per hour^ with the usual r^'uh »)ud, the 
resisuaoa at that ifoad, would have avenigel according to 
tha aorw of laaiKHMO, 22 (bi. par ton, whanaa 
ohaarad MitilaBaa ww tSTl Ibt., Md{ MIj 
U cat, hai. Again, the dirty staU of the rails with 
tha to torn tnrin, added 8 Ibe. per ton to the oonstaal reaist- 
auff itui! to clean rails. 

Toming to the trials with the 80 lona train, with dry 



ccording to 
ithonMHi 
Silto. or 



raila and aaln waathart tho taaiifanaa, hjr tba ««r?e lar 
80 tonn, ia tin diagtan-ph^ iiaa U Ite. por tot at M miki 

per hour. Now, with the 100 ton* train, and aide rriu'Is. It 
amounted, by the eurTe,to16'4 Ihs.per ton, which u.'v.s 14 11m., 
or 9*33 per cent. mori.'. The proljabla ocrurrc-nce of i-urvi'.-" 
in the parU of tho tine run over by the 80 tons train, would 
add to the resistaDoe whieh would have beeo dae upon a 
otnight lini^ and lhanlive the reaiataaea dna to aida ttiada 
in tba ohb bafim na, ia mlly greater Han 9>SS par eant 

Tlitin, with the trului on tho IjnmacumlH! iiicliiie, with 
uniformly dry and calm wratLor aud cluan rails, tlie te- 
listancf, rt'duccd fur ,1 level, wX'i, by lUi: curve, l.'i Ibi. 
par ton at 40 mile* per hour. Whereas, with the lOU tons 
tnin, tho naiatanoo at tlte same speed was only 12-66 lb*. 

Hoiatonea on tba fnelino to tlia rfreamttanaa tint tha way- 

gnuB [u tliii trains wrro fuur-wlK!! !cJ. wliilc thu carriagsa 
iiuui^usiug the lOU lout) traiii iuui ulieeU. Tlin we doubt 
much, and we believe the exeesa to be due simply to the 
aoma on tha iocliue, in pasaiog wliich tha tiaina ; 
ham baud bard, on eo steep an ineUna. Skaaa tha 
examples, we should infer ihtt ifeoat li Ik par 100 IIBB Una 
lost by binding on curvea, or 10 (« lC par fl«nt. 

It seetJ^b mti-rly us<!leM to attemrrt any iriun- minute 
analysis of Ui« resi«tMt«<3a of umiaa, from the data before 
u* ; a* any such analysis, to be oseful, moat be foonded on 
a Duah ^aatar wiat; of raaulu than hava baan aappUad 
in IhoacpaiifltiBttoBdirconildamliaa. Tbo lapanlo 
tistanoes from wind, oatillatioo, imparfaations of way, wear 
of wheels, jro., are oo doubt worth determining. Meantime, 
Wo must l.« funtent wlih Ending tht rcbistancea in the 
mass, and must take trains at they are. Wiien we shall 
hU9 amninod aono llutlur malt* on the 4 SmI 8i iaA 
gmg^ ten» mM ooapariaMW wmj be nwda. 

Paniiilaa fiw naalaaoo at vationa apaada may bo nndily 
cotiatriicted from the data worked out, on the principle that 
all t.hc vftriahle resistances v*ty as the square of the speed. 
First, for the T<.)t.:4l Hi'.^iiiancc- of tlm tiiginL', teiidi^r, and 
train. I^t t be the given speed; and a, the toul reaiatance 
per ton. Then, as 21 lbs. p«r ton i* the total variable re- 
at 60 milee per lioiir, that doa to tba ^aad a ia 
. hj Uie proportion 



na>ar>«r 



and, adding tha total 

I the formnla 



S lha. par ton, 

41.) 



Secondly, Car the resistance (a') of the train alone. Tha 
variaLde resistance per ton uf train .alone is l .l lb?, at CO milsa 
per hour, and by proportion, for any other speed r. 

Adding 6 lbs. par MB, te MsaiaBt ruiatanoiv wa I 



'I'liirdlv, fur the ri'»i.naac« (tt*) of tfii! engine aud tender 
alone, inolading machinery-frictiatt. Lot w — the weight 

i9 
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XAILWAT UiSBSBEn. 



«rtlw «B|Tii« tai tmdtr. nd « = tbtuflgU oTtlra tnuB. 

Tha rc^Ut-iRe* of th« engiD« and t«nd«r m carriages, ia 

(tiuad hy til A precediii!; formnla for the train. Tho total 

▼ariable macl.ir.erv-frictiiDn at fiO miles por liimr. is 6 Uisi. 

par loB of aiigine, tender, and train; aod for any ottMr tp««d 
% il will K pur tin. 



«r, l«r thf nMt might of train, 

' tiuo 

and pur ton of aogtne and tender alone, it U 

w . iip 

tkt Mat vnwluit umdilncrTwfHetun ia fib- fm tm tS 

•nginr, tender, nti'I (rtkin. or (w + ir) X if lad, ftrton 
of angiae, t«nd«r, and train alone, it ia 



Making a farther adiiiLian ot' the rraijtaDoe of the engine 
P !■ earriagea, we liave finally 



Xktkil, wbMi to tht BMt «am|iluE, it iln (l» am* «M' 
><fUwl«t. nwllwNfamlHanaidiMdtft 



THS 7 fMBl QAMOt: — 

RuL« I. Te fiad the Mai r^titlanec i/ t/if 
iind Train, at <i pirfi) tpifd. Square thp fpiTiJ in tiiilc^ par 

honr, — divide it bj 171, — ^and add 8 to the quotient. Tha 
nmU to llwMlalMitoluMatdMHdb in poMi4ip«-tn 



Km II. n find A» midane» of tie nwCn oImm, ^ a 

/rrren ff)ffiif. Square tli<>epeed in rnili s per liuur. — divide it 
by 2 to, — and add C to the qaotient. Tlw ft»ult i« the re- 
■tttaiicv a', the isils in poonda per ton weight. 
BvibIII. T0jiiidti$iBM4rtdtlaMe0oftJUBiyiM<md 

lat, Find Om fMtoiaawat«ini^ bj Bala IL 

tii, S(]Qim the apeed, — and divMa It hj 600, — and add 
2 to tlie quotient ; — niulliplj the Biini tlms found hv the 
total wsiglit of engine, tender, and train, — and divide bj the 
weight of the engine and taiid*r. Hn 
tha totil machinty-ictotkn. 

H AU tqgidiir thf two iMllt «ton ahaiotf. the 
■m to Oa lAioU iwHtaNh It tkt nii^ !■ peanda ^ ton 



• Ut. Jobii Soweli hM diaciuMd Hr. Gooeb'* eiporiount* at eome 
leofth. In tho liul cditioo of TredgoM mi tlw Sletm Engino (I8i0). 

H» hnt emttrnti^ & foraiitla iif cfltijHwmbJo dnBenaUn ; proeeeding, 
liki- lUniirg, on t'le pnr.riiilc?, (tut tli* oaoUlalor; mixaiKW of the 
i^ncine, tcrxl«. tad tnm, T«ma with the vdocitr »5mplr ; that <1» 
iitmo;|ibcric i^ttaoce ■> ihe ooljr elenMOt vai^inj ih« i>l 
UieTetooity; and OiM ibere i* a esaalaat tnia-niia«aooe b; hietico, 



CHAPTER in. 

IlESTSTAKcra an the 4 raw S\ iscn GArmi 

Tu£ aatb«r made nnmerons experiiiicnie on tiie rMiat&uce 
of train* on the Oaledonian .-in J Edinbnrgh and Glasgow 
Bailmjra, by tha nat of U'KM)gb»*aiteMn-indHat«H' aliMdl/ 
diaciibad. OUaliiad tnm Hu fioat «ad of oao eyBndar, wa 
diagram waa aaaumed to repret«rt tlm fircr ixcrtcJ Juring 
e«ch stroke of «««h cylinder. Tho n;sult< mi csiiin.Tti-d 
must be in f^xrea of tlie real pow^r, !V> thp fl'.i^ain wa.', in 
OMMt cases, bj the motion of the valre-gear, admitted for » 
fNBter part of tlie front atrelM tlun ttthb toitk atnka, Tba 
aieaia to not, bowawtt far am praiiat pipnaia, matarial, aad 
wrtwaly daaa not »i wad 8 par eaa*. of tba aetaal |ioiiw. W« 
!iive, moreofpr, sc'ertpil the result* of the most equally 
workins; eni^inea, for t lie measnrement of tractive force. 

From tho lar£:c numhor of ol.sprvations so made, the 
author has selected some of the best ascertained and moat 
useful of them, and plaead tbm ift TSlUa Vo. vat., fugi 29fi. 

and weather are detailed ibr each expenirak, asd the I 

ances per ton ;zrD5s. ar^ re^lllc^'d fi'oni tho iDdNltel^dto^aBI^ 
to tlis cqutT^Uent trjctioa at tho rails. 

The speeds, as obaerved, were in many cases uniform. 
Ia other caaaa they varied, and the miBtaneea hare been 
ladnaidftr tba e b aiwadwawyapaa^ takan aa aailbnt, 
hf 4a iwnds almdj azplained. But, in all ea«c*, the 
allewpaiieea eo eatimated were very small, generally a fraction 
of II pounJ per ton. Tho nccpVratirin or rf[ardati(>n was 
eatioiated simply from the diSerenee of the initial and final 



nf 9 )hn, jvT ton. He accome*, also, lliat the atnmfiherie mistane* 
of ili.^' Ui\a varies with its bulk, or caUc eoDteot. The •Icrocntt «t 
the torauils am as fodows : — Let t be ifae weight of the train in tons. 
6 Ibi. Ike friction of the traio per ton, B the bulk of the (tmin ia eabie 
iig*l,B thawaig|ht«r dw «a|^ and UMkr b aas, t tha vaiedlr. 

■ X + x» )c ■««<»•>]- j'tSS!^ 

t' X I. X -OOOOB. . _ J atmospbcric »• 

"""""""""'™"*"""""" " ( listanceoitTiin. 

V X T ' _ f ottillatorv reiUt- 

-jj- -j 

^ J ( friciioa i<^^ 

Pttltinjr th«ti- toji^ihrr In j'.iilai-<isitiO!i. for they will not muATgn. 
UJnto, una liiTi.hni: the *lim tiyLal by tllr w.^igbt of the eogil-o. l 'Tii-<'r. 

and train; the iormitla wooJd.u Ui. jSonelt iMtirelfftatcs, " Lric-tlT " 
■taod tfa» 

ax [(« X t) + ») * (v JtiX'eiW)] + (i»X»>fs«») (^>(-(«x^ 

rn 

This does not look like lb* rifht Ibnnala. It is wrong ia priiiei{)c 
on two iapflttant nlal» Iwt aalatka lalaaf a iri a H pa al i' 
latorgr lariataacaa, «Uih ha aMwat CO la filla Mto af I 
aiaipiy. kistaad ef dM ttaaia er «ha apatd. rtUk I 
bwa. Seaoadlr. tka a Haa s phari e misfaBea' 
(lie bulk of the train, whieb is muiifcallr an erroneous a^iumptieo, 
•a that resiitaooe it oDtiivIx Mpcrficial, snd must be rej^led by Ihe 
f jpttRciaif area of the train, r.nl hy ihn euVic eootent*. A formnls 
for r^^iatHQee Bb(yald etttrr r^imjint^" rrcrr v'.r.mi'tit of resifitance, or 
>'lioul>j be coafinad to two tcnss. eipreising, ceopiebeasive^, the 
<-miii.nt reiialaae^ aad llw mUUa wtoiaaa^ ai aswpMad to 
the text 
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■p«e49 ob$''*reJ, uitlioiit rr;;ar'il[i|; tlio iiit«rB)e<li)lt«fllietaa- 
tioM of fj>£0'I that may luvv lalkVi'. [iUoi\ M (iMt^AtlBW 
oorrectljr expraweti lli<; avrrngo Tariition. 

Tho T«bl« i< io three pru : showiDg, firat, tb* nmUooa 
«t gO»d»-tllil»t WWaJlj. tht MMItlBW qf fM—pr t whn } 
Ihifdlf, dM niiitaiiM ol tqgiiM ud tndar afoiML 

The first experiment waa made with 5 ordioftry goodi wiig- 
gona, with outside htarings, l««4eil with ooke, Md wu aatia- 
fkctorily woikcJ out. Tlic 8*i'oiiJ, slKi«ing the res^ittance of 
goods •waggolUt tluSf, waj mado wiih it rudely pluiDed 
(netioD-spring : and ihonrli [irobably in'ar the tratb, it 

Momt b* imfligitly rteoivc l . la tlie tiutd and (owthi 
vil«»gMrii«flMd very truly, and tha raraluiuaiy te im- 
plicitly accepted ; the waggons hi i fed wheels;, with inside 
bearings. The fifth, likewise -, '.ho wIklIs aveniffed 2 feet 
9 inchea diameter, with Im'tih bi-.Tring'', .inii hnU' inch c:iJ 
play. Tho sixth aad seveuih are aiso r«l table; tk«y wcro 
made with ordinary waggons having oatside bearings. 

The eighth «x]wriiiM0l ODmpriaaa tha nsults of one train 
over long distanee*, tTcraged tnm hi«lie»tor-diagrsma taken 
at iutcrv.il^ of 2 tu'i]«^. The ii'nth gives onu roiult from the 
r«turu train. The tenth and elevcntli wpro uu'li: wiih two 
eogines of the same class, and wiili variou* .•<;/i;>< ui tram; 
and the results are averaged from iudic^tor-diagrams taken 
M 1 mile intrrrals. The twelfth and thirteenth were made 
wUh «M of Eqg^iad^ l^t Uii)(>«iguiaa. Tba naMlDing 
nanlla, with tnina, w* ndmod Ikon toh tod olMtntion 
with Ni). T>X c. It. engine^ vhlltal uiftfiB a p t ida oa tbe 
Mveral iuciincs spgeiGed. , 

Then follow the results of some obaenrstions up»n cti^inM 
wd tenden aleae, abowiiig thair poiaoiial rcsjslaaee aa 
aanii^ wd OMokkMi, mmmni ta IimInb it tin nili. 



OBAPTBB lY. 

Tu personal reaistaaoes of enginea and tenders ara ahown 
by the last port of the table to be extremely divene; 
they range from 7 lh<. to ibs. por t&n. Tho causes of 
the diversity, briefiy noted iii tl.o culuiiiuj of olworrations, 
■M to be found in the comparativo sute of repair of the 
•ogiiMai and dHir gamral woriti^g Older. Ofthsoitoido 
^lindar a^simi, with ainglo wliaob, tho nou mSt/tmet of 
No6. 13 and 33, C.R., moving tlDwiy, 8 Ihw. per ton ; 
thcoe engines were in free worliiiig order at ih* lime of tbe 
obacrvatiotis. iinJ as tho resuUj .aro avpra;;ed from the in- 
dicated rti»iiil&u«» ill both diraciioos over the same gronnd, 
iitf MO put forward as perfectly reliable data, showing that 
tho constant toaiatato of out i ido tftiaAu ihigio-irhasl 
wgines, in good and Cm wetldag ordar, aaioaiito te 8 Ihs. 
per ton of engine finl tender, mi a level. Tho caso of 
No. 41, 0. B., with U).^. pi'r ton re>L.itatice, shjws that 

the atiiTneaS ef tho working parta r.eailv lr:[)lt!« the aiiiounl 
of resistance due lu tho most favourable eoadittons. No. 14, 
0. B., with ISi lbs. per ton resistaiioe, and working abun< 
daatl/ aa^y. shows how diinpair lo^ donUa tho ftaisUnce. 
Of (ha ooaplod anginal^ Ko. 1S8 0. IL, with aiE coopkd 



wheels, and in free working order, shows a mean of 10 lb«. 
per toll ri'sl-tance, Xo. 127 0. U,, of the same class, then 
lately turned out u«w, showed 15 lb?, pi r ton, or ono-half 
more rmistaace. No. 102, 0. E., with six whwil^ half 
eoaplod, iofno working ofdar, ahwwa hAw aahaipourvoadda 
to tho naiatWMait imliiag U »} ftiL par ton, mo Omi 
twioo the rsaiataBea af a aat'wH if lad oiigiaa and taodar oa • 
straight line. 

The iiisiJf-L-yliiiiJer en;:lnes ivbieh were proved, had »ix 
single wheels ; all of titcat witli crank-axles placed in four 
bearings, except the Enghind, which bad only two bearinga. 
Of thaaa, tho Eaglaod ohom tho moit iitnnuah^, having 
alioal IS n*. par tos miaHiiwa aft 14 vflao |ior hmnv wUdi 
would probably ha ndtaeod to loaa than that of No. 73, 0. B.. 
U lbs. per ton, when moviog very slowly. The superiority 
of thi^ Eiij,d.aiid lit proh.ah'.y due to the simplicity of tbe 
enolc'aj^le beannga. To compare the avBiaga raaiataooao 
from ouuide and inside-eyliudar «a(^bi^ tha auoaa of all 
tho Tsaiatanees ars aa fallow :— 

(hrt^de-cvlinder EBittaea and Teodcn, i t U>n. per ton. 

Intiite cylinder, do. do. 17 lbs. per :on. 

Showing that, upon the wboU, ootaid»<yUDd«r aogioea pra- 



CHAPIBS V. 

BatiRAacs of EaannEa, Tesdsbs, ixh Tuisa. 

To bagia with tho oxporimoBia wiUi coal traina, Noi. 9» 4^ < : 
tha Mggon oaad n Nb. « oKporiawrt olind Bwh iaao n- 
aiilaiBee than those in Nof . 3 and 4. The averages werOi 

For Vm. luiJ i, u 11 aiiluj pet b<wr, 27 lln. |i« ton. 
Fur .\o. .% at IS do. do. 18 !!.>. r*r u.n. 

of which the latter is only two-thirds of the former. The 
advant»g» i.i due. wi> believe, chiefly to the lateral play of 
tho joiuaalaiB tha bearioga, io tho tattoroaaa^whioh aiiaUad 
thowhaola to adjutOofltailfaairithoatoitvtto thowla. 

awaying towarda either aide, u tha conical tjrnoand ntilonl 

rails might bias them. In the former eaae, the want of end 
play prevented the wii&ela so adjusting; th*ii>3*dv*.i latcrallv 
witiiuut cairyiug with theoi the sup&nitcufub^at loads. For 
the moderate speeda at which these tnins were run, some 
faiteia) p)^ at tho boariqgi ia uadoobtad^ bMofieial. A* 
high apaadi, kitnl pligr biBi iB ia daagaioBa aid ii had> 
misaible ; which leads to the only general solution of the 
diflicolty, the use of looae wheels and axles, ineeasantly in- 
eulcate-d by Mr. Adams. 

The ex|i«rim»ais with ordinary gooda-waggona, Noa. 
1, 2, 6, 7, show an extraordinary diversity of resistance per 
tOBi laryi^g tnm 7i Ibo. par ton with tho tnii ahioN^ and 
IS Ua. par ton, indudfaif tho aaghto, to niho. par tan of 
engine, tender, and train, at rpceds under ."0 mik^ti [ht hour. 
This extreme diversity is no doubt due to tin- suite of rrp.-ur 
of the waggons, and of the way, the .itale of Uiliricalion, and 
the eurvta on the Ime. The more llie eud play of tita bear- 
ings, the less is the resistance, at low speeds under 15 to 
20 milea par houii aod ao ht, tharobiNk tho diitopair of 
the wag^iaa la 4taiRalila ta fiaa nnini. 
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With th« jiiVS'ifngi'r- trains, the re<is(,'itii"M y^ry heivrttn 
90 IbiL ad SO Ibt. p«r too of mgia«, UndM', ud Umin, at 
9«d> tf 10 1* 40 bJIm pit hm. 



OHAPTEB 

Immes w Inimiut Otmm «v Tkim BmR'AicB. 

OirMtd— In Vo. ft Mtptrincnt, wKh Vo. 4t C. It. Ui« 

r^uHi ut worthy of itadr, a? ihc Ivhh wen- mailn in <m« 
eontinnoin nin on Twyiog grailierl*. ami with T.irinns 
ODfTcs. To find from tb(«e remUi<. tln> infiuonce of curve? 
OV Uu niutue*, th« foUowiag dita are givMi. »howing 
dwpoiMHM orf lMgdtt«t dM dilBvint pftru of the lino 
•n which tlw ^iw fwdlaMn oMifaid, in tiM aider of 
dt* UU*. ud An UDlNir ranw. aniir 1 nilt ndiiu, 
Fin Am. 

A»«r«c« uiulMi 
KiM i» «Mk Cam. 

1 -8 milos. 

2 3 da 

H-Olt do. 

with the emrTM, 



llr>:-;*:«tf 

fl.) «8tli tn r?lll, 
(J.l T^l-l to -Mith. 
(,1 ) ;i7ih to ;7tli. 
(4.i t^ 



8 milri, 

;s do. 

Ill do. 
21 do. 



8 

10 

DOflfl 

B 



Comparing, now, tho t yu i g 



(I.) 32-7 miiM p«r 
(i.) 38 do. 



hour. 



do. 
do. 



lU, per ton. 
34 3 lbs. do. 



Afm#t XvmWt Vtb* 
t« Mb iarrc 

1-8 miles. 

•J -3 Jo. 

i its do. 



32-7 mike 

It ippMn ttnl, tka^ tlw 
tnl M mOlt hoar in Um ac«oDd end third obtn-ratioM, 
ih* fHlitaB«ei were the samei, SH lln. per ton. And thai 
conT«n«lj, in tlio fliird snd fijurth rc-ull;, w\nlo the (peede 
were ib« eaoao, the reti^taiirv m(.u (anu in '.b». to 34*3 lb*. 
p«r ton. Theae mtations .ir>^ oci'lained hj th« cooditiom of 
tha IUm m to onmii for, wbaiwi, doing ^ Mcond 
ladfenilhtriidi^awiiit* «w onmnate I nih ndius 
far MW/M Md Sit nrflw no, than were no carves during 
111* third trial, ud In thii cai« the line wai pneticaUr 
Jlraiglit. It li.'iii|H'nt'il that ifie extra p/sistitirv due to ilie 
inereaM of tpoed from !i» to 42 miit>* p«r iMtir, wm baiauc«d 
hy the tranaition from a curred p«rt of the line (S) to a 
Mn^glbl lart (S), and lha total naiatwia* nmaimd tlie 
■HW; mi tkat, «b tlw aantniy, d» tfauHioi horn the 
■traight part of the line (3) to a eurTod part (4), n'wi ihi 
reeiatance from S8 lbs. to S4'3 )ba., while the tpi^fd rcni.iitio i 
tha aan:e. In this case, the ezcoss is 6°3 lbs., due io cur\-i-f, 
and is akiTe 2U per cent, of tha resistance on tbe siraigbi 
part of the line. 

WtmL—liu Rwlta an aak anlEci«nt)f numeroos foUy 
to ihow the inlMiiM of whid. But, takiuj; an average 

of the cases iticst rearK alil((! in i>]iM^d, in No:". 11 l ' 
experiments, tviUi Ko. dH, 0. A., we have the foilowiog rt- 
sistanc«s : — 

AtMiaOiiMrhMvttlba. Mr(iiii,aliiaadAT| 

Mn M »eilik da. nmeMittdbndirMsj 

•hewiqg » dUmm •f«-6ttt.pvt«DdnatoiMkiad 



hea<l ^^ ini!.'. or 90 par tMb 4 
calm weather. 

It is known that a traiti ir.ay l>i' stnpt hy a heaTy aid* 
wind, wUck Mli both hy offering direct rasiatMee to tha 
motfam of du tnM : and hy pressing tha ^hasl'^aBgaa 

a;;aiD5t th*^ raitf. Willi .-i combination of linavv sijc wind* 
and quifk ctirve*. tlin cn;jino-]»owrr ij* *<ivt*r(*!y trieJ, and 
tlin r<j5i!tin(?c tnav be 'itir-half more than with a stn^^ 
line and calm waaUwr, and in aoma caaaa doablod. 

Tneliimi-^inm nal appear ft— tha axparimenu that 
indinea paawai tBj intninai o*at tha amonnt of naial- 
anee, beyond arhal ia due ta tiM aaUon of gravity. Ar 
•xanipic, in Nn. 1} expcrlnt'til, tin; n-^iilu obtained upon 
inelinc^ varyiDg from 1 in 75 to I io 3U0, giro aansibljtlia 
»amt> r.>aiataMt par In. ndnaal to • lani, M tha am 
apead. 

WkifU ^ AyiM tad TttOtrrJIM* appear* to ba 
altogethtr n aattar «f indMhNnai^ aa aAaU tha nant- 

ane« per ten. For anmpla, IH* total toimagw-TMnalaneaa 

with tin' nalriiiniaii fii^iii'!!* and l-'n Ifr?, weiphinj 2S tdiis, 
are fully as great as tho*e with tVis Edinburgh aud Uiaa- 
gow engines and tenders of 35 tons ; and, moreover, with 
the Ei^and tanfeangiM^ waighiag IS torn, tha waiataneia 
are fblyaagnal pir tan, aa with Aa hantiaranginaa pn> 
fcJin^ it, allowing for the sta?i> ff th;* wind. Thti«, 

AT«rago with nitic heavy ) 37 miiei per liour, 27*4 lbs. par too. Sida 

Ei>Kiiiea sod Tender*. J and head wioda. 
W'*»B».l«Kl {^t^^^^l »i» I*.. ^ K-. 

This would show that the advantage of light engines in the 
qaostion of tnatlw, Moairta ainplj ih I 



CBAPTBR TIL 

COMPARISOK or TRilX IlMISTASrEg 05 IHI BbOAD iSD 

Namow Oacoss. 7 rut, a«o 4 fsr 8i iicbxi. 

Fbob the fengabig dlawnaleo, it w plain (kat tlw tawufg^ 

reaiataneet on (Ik- 7 feet gauge are decidedly lass than an tin 
4 feet 8| induM ;;aii!^. There are, proli«bIy, several caMoa 
I'lir the liilTfrtncc, but the principal one is, in OUT mind, the 
superior permanent way •lupioyed on the Bristol and Ex» 
ter Bailway, compared with that of the Caledonian, and 
Edinburgh and Gla^gaw UnM:~enrtinMa8 ia^gttadi- 
nal bearing Tanaa iatarmptad Innanna^aU^r bni^ 
ill:; ; al-o, tile more perfset jointa of the rail* in contrast 
witli th-: broken and yieldinff joint* of the narrow-gmnge 
rails. Tlicn, the nttrr<jw.^-an.'i; tri.-d.i ntire made over lines 
with curve*, wiiilst those of the broad-gauge were made on 
a straight line; and some allowance is to be mode for this in 
a ginani compariMO. Lat u^hMMni^tdEa tha third nn 
with No. 4t, 0. B., No. 8 e«piiini*nt,Ti*b Wo. «iw„owr 
a di9'.aucc of 10 miles on a p'trl of (iir- line which is pm»- 
lically straight. Tiie f«(HiUuic« was found (o be 28 li* 
per too of engine, tender, and train, at 4£ tni1<'» pf^r hour, 
with a stiff akla wind. Tha eiraunstaneea of weather arv 
the lanw aa thoae of tha Esatar eipertmenia, and, froa 
thahfBnIndimadfiiMi thaw, wa find that the j 
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at tiMt «p«ed U SO Um. per ton. Tba rMnilt of tli* Galodo- 
OMB aporioMatt irilith «• bdlm t» be ao aT«ng« one, ia, 
tbm, 8 Um. im «xc«m of that dm\ifm bmAfHg* br- 
unit, Mtevntiiig to 40 p«r oniL We am HtpmA ta «od- 
vert this pai'ttcular mult into agon cral oonclusioi:, siiJ to 
infer, genaraily, tliAt the tonoage-niaistanoe on the murow- 
|Mgebinderthe cireamttaaietsor our triali^t»Mpir<fit 
ia aiflMB of that oo tbt inoad-gM^ 
Ilu aww ill, pnWrilr, srt 4KdwMlr 4m M tha toiidf- 

gnater snperficia* «f tlia tr^ per ten aipoMd to atmNphwIo 

rejisLancD; nnd to dio BuialK-r wlR't'tn c' tint rvilJiUj; stock. 
Bat the greater past, aS tiio exccm i* linquMtionatiljr due to 
tbe iBlniontj of the road. Od a good road, the aise of the 
liiwdiia wt lika^ to iofliNiua matariaUf tiw mialm^ 
m laigaririwila Imply gnuMrmigliia to houMmd; aal, 
what li wttm, grialar weighta beneath iLe tprtngs, in hard 
eentaet with the raila It appear^ therefore, ineipedieot 

lo UEe incrmvenicntly large wljffl.H ii[n>ii fr'KxI rciJs ; tli^y are 
advis^le only od iafarior roada, sacli aa ought uol to exist. 

The reaulta of experiment do not now enable ue to puah 
tbaiafuiiymachiiutiMri hiiit«UHi|[^liiBbaiodflBatoahow 
IB lAmt diiMtfgB ifco inpiovMiMat of nOmt^ aod the 
diminutioD of reaiitanee are to be effected. The grand ele- 
ment for improTement is the permanent way; and it appears 
alniu;«l ridiculous tbat bucIi iufinite pains ahonld harr h-^i-n 
beitowed upon Uie roUiu^ doi'k. for it* impnmoMnt, whilst 
tho road, an equally tniport.'vni clement, ihoald ten ban 
Muparatitaty B^|kwted. EapmaiTe mmmb^ Id (he pai^ 
MiBaitt Wf lam bean pnotiiad, whiah iHA nShmf torn- 
paniee, 'jf all cr/tnpanieB, is least pir-Icnalilo. But ific iicce»- 
sitiee c>r llio way arn cm- belter unilcrslon.I, ami mutts 4uraiflt) 
eonetructicms .aru ciiiiiloycil, m [pumuanw of n system of wise 
•eaooBjr. to the decided advantage of the railway eoaipaiUM. 



OHAPTEB VUI. 
vcwdttiiuiBa. 

3nu ti no doubt that formutos of resutance for Oie 
mmm-gum^ abooU iiaTe tba aama eomtroetiM aa thoaa 
afaaadyghw far tko bi aaJ giUg a; tad, m ««r 4Mb ifo 

iantteient for the (oaatrutioB «f aamw-gaoge fbmolaa. 
we shall nicatitimo tiopi oar broad-gauge formaloa as stan- 
dard ( np3, and a* repreaeotin;; llie ri'siiitancea independfiit of 
{rauge, under the circaoiataooee of Mr. Qooeh's sxperiutiUU. 
The dronmsttUMaa WWe 

Fiial, A patanDtManf ia good order at iha liBW of the 
tridi: aBMBtli, ooaliBaoii, lad onyielding. 

Second, An engine, tender, and train in good ordtRt 

Third, A straight line of rails. 

Foortli, Fair woatluT, and drr and clear, rails. 

Fifth, An average side wind, of aserau*'- r-trui gtli, varying 
in the experiments from tHjfit to raaT tfroii^/. 

Any dsnriatioB &ob tbaie ModitioBa affects the resistance. 
An inporfeet road has been eatiaatad, tern the experiaitnti 
detailed, to Vavi' a tdsd abOBt 40 par awt, li« tba iwhUiii i 
on a good, sound road. 



A curved iine ha* been astituated to have added 10 to 12 
per cent, to the reaistanee, in the ease of Brimseombo In- 
elioa, OB tk* broad-gauge, the eorTatBia Wqg mdntiiniMlid 
Ob dia BBimw-gauge (Caledonian), it ma aatiotatad that a 

curvy line, liaviiL^ one cnrTe under I mile radius for ercry 
ii innurrni an excess of resistance equiil u 2U per 
eent. of tliatdae to a line practically Straight. The quantity 
of enrTature thus *»pi eased, taptaaiBta a hij^ avei^ br 
caread Ubh. 

Tho atalo of tba !•]]■, aa to dqfBaiBoc valBii^ dMt aat 
groatly affaet tiM total mtitaBeo; ft vaa aoti mato d to ka«o 

added 2 ILs. ppr ton t<i t!ii> ooDsi.ant resijitMiec. 

Tiie luAaence of 6titin£; ride nind.s iiaii l>ei>n cst.in)ot«d to 
haro added abo^e '.t 'j:i ^,er cent, in tlie broad-gauge trials^ 
to tbo laaiaanaM doa to a calm i and 20 par eenk, in Ilia 

It ao hap|MBik iB thia comparison, that the of 
curraa and side wfnda in increasing the resittaoee, has baen 
greater on the narrow tlian on liie broad-gau;^e. How niuoli 
of the difference may b« in tiie causes, liow mucli in tbe 
state of the my, and how much in the gauge, we cannot 
say. ItiaoBriflifnauaB tliatnodi,if BotDOit, of it,i8 
duo to tiw nipaothB aaBd H ioBO of tho famMiB* v^y. 
However, if we sum op the IRti* MtiltMMaa dn* to Hw 
causes named, we have as follows:— 

By «o iianufeet road „.„....40peresniL 

Bf carve line's. Tiirrr.ir esaiaLraut,. jo „ 

Bf slnwc »ide winds (oNsa of BsnoPfaage 

owrlii«*id.g*«|e)M......»».>wiMM...........SO h 

tVrfal ariia niiriaag»~,....,..........ld p» eeal. 

Leaving open the qaastSon <^ tlia lafloence of gauge opon 
the resistance, it seems clear that, oi;n mty and another, 80 
per cent, haa been added by tlie «ireuui»iau6«« ul liie narrow- 
gauge experiments, to tbe resistance found in the broad- 
pagt aipariiuuta. Oat af tbo fint ilon abofo duigod, 
BwAdhaaifiilB do4iillB«W|Mr fliBt„feMB tbowkolo 
40 par onrt., aa aa aaeeia duo dhreetly to inferiority of way ; 
and dedaetiag that from the total exeeea, 80 per cent., we 
have a lialanco of 50 per cent., to represent tlie excess of 
resituiiee due to rurvM and strong side winds on tbe narrow- 
gauge, above what VBi haBd on the broad-gauge with a 
stiaight liaoaad BBBOKaioiidairiBd. Tho gnatar pBit 
of thia to p«r a»Bt. of at e m n iso u M bo doaht ha oqwriaBaad 
OB the htoad-gauge also, with sharp curves and high winds; 
and, therefbro, finaHy, we shall adopt the three formulas 
already worked out, pa^o iftS. ftr the reaistanees on U-ili 
tbe Itrowl and tli^ n.arrosv-gsu^es, under the conditions there 
partieolarised, <jf a j;o.>i, sound road, a straight road, an 
avei^ sida-wiiid, and angina and tiaiB iBgood oi4ar{ aad 
shall add SO psreast, or ano^Uir maea^ lo aioat tho axlNBio 
conditions of frequent sharp curvMi, and strotiL; side and 
head winds : the suppotuioti af m inferior road Iraiug aito- 
gether eliminstbd frojn thf .jDistii n. 

Of the influence of meiioes we have said nothing, beeaoaa 
that is simply estimated when the gradient is given, nd it 
haa bm abowB that iuliaao doaoiaeoaiUy affect the resist- 
aneo, otherwioa tba by {nlfadadiiy tha abtaant of gravity. 

In a -uoi-eeding ehaptar, B TaUo af RiiiilBMaa wil ba 
givso, for practical use. 
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PABI PlFTH.-trLlNLIlAL CONCLUSIONS AND PRACTICAL RULES. 

SECTION I — SXTIOLABT OP THE FHT8IOL0OIGAL PBINaPLES OF THfi 

LOCOMOTIVE 



W* bam WW tvie^ to review tb« remit o{tlwB|fiiiaBM ad- i 
4ued «idi Ncptct to the workiog of Ik* kaaoMltni to ! 

hannoni^n [hei requireinents of th« engine, the boiler, and 
tiu) cait'i.ii;*' ; and to work out looui practical ralM bt eet- 
ting oat iuLviniotiTe;, ntui prupoiidgnBg Umb to thi noA 
for whisb thejr ai» dNigned. 



CHAPTER I. 

Etidescb as to tarn EsaaE. 

If !■ icMniMd that, imkM oditnriM MM, tlM (grliatea, 
iilv»4hMto,aidpMN|aa,anwII iiiwlHldt, » dutt A«n 

i( ao coDdemation of ateam hj expoittM. 

The link-motion mAy in all cMW b« oMfoUy employed for 
tliD d;8lriliuti<Jii of tin; Btf.iiii in lh« cyliri li-r-i, fur «i.'ri.iti;' 
the steam with TariaUe and tor revereiog ih« 

•ngilMu For all Uieee purpogei, tfae link-motion is w«U 
■Atptad, aid» b connactiiui with • aingia dida>«alT«k it aiay 
fca madt |KMtkill]r ftitM la itt Mitoa. Tk« iliMn ni^ 
lie Trcflv iiJmilleJ t4» the eyiinder, fully expanded, and fully 
cxlhiustt'cl ; $0 that there may be no injurioos wiredraw- 
in;; liy ilie valrc; nu matcriiil luss by pmmature ex- 
haustion, «r by imperfect exhaustion ; and bo injurious 
back pressure by eompresaion. 

The eylindcn nay bo amagti to w-«p«mto widi the 
TilT»-gear, and to nMt tbwa wnditiwH. 

aUo may tho dMriib «S til* atatokit, tka dtlimy, 

and the Wasl-pip-?. 

More parli^ularly, it was f«uutl llial witli valve-^'r-ar of 
desirable proportioBS, the steam may, under full gear, be 
admitted to the eyiinder during thrae-foartba, or 75 pw 
Mti «f th* itiolMk whiab i> » goad irarkiiig mixiBiuiii 
aBdnw^boflntoffaaaitlyattt 17 pw emt., or eii»«silt, 
of the stroke, with shifliog tiiil<«, ami at 12 yu r <-int,, or 
ouo-eighth, with stationary liuk». Tliest- ratios obtain 
when the lap is S2 per cent, of the travel of ralvo iu full 
gear, and tho load 7 y«r («nl,r^ wheo ths tnvel i» H 
indHfifer anai|i^tlw lap ii 1 ndk, aii tiw Iwl ■ A 

Vtr A* b«at atlloa of ateam, the eylindtis mnit 1m noil 

heated and prote'.-tetl cxtcmallj-, to provenl tlio con Jcnialiun 
of the ateam. \Vh«ii tlie cyliud«r« ai« imptirrMtly pro- 
tected, as in ordinary outside-oylinder eoginea, the condoD- 
aatioo of itoam iaartaia with iba degree of MpaaaiiHi, 
until, wbn lha itoBB ia aot at at ana-thiid of Um atreka, 
tha pn|Nrtion af atiaB oMkhmad ii iadlaMid to U aboat 



one-fiiUi{ aod wbn oat off at ona^ftb, tha lodi oa taA eon* 
denaatiea aoooato to ooo-third. 

Tha wbaiHMdng of aUam whila nMUbii to AafgrUn- 
dor, InetaaaM with the spoed. Th«ca la m BMtotial 

wiredrawing, in full gear, wbeii tli« apced of piston ts uader 
GOV feet per minute. For shorter admiaaiona, the propoi^ 
tian of wiredrawing is greater. Long Up and wide ports are 
btronraidsfor tbepreventkni of wiradrawtag. Pagos 

ThaailiaMat bwb yaaaoia faetaaiai witb thadoai^or 
the steam to bo exbanste*!, and witli the speed. It i* leas, 
also, as the ar«a of the blast-oriGce is ^reatar, that area 
being afsuii'.cd to be tho smallest section of tlio exhaus: 
passage, and assnmiog the steam-passage Ui he leiuit aa 
large io section aa the blaat-orifiee. When the area of tb* 
blast-orifioe is iiith of that of tba piatoa, tba baofc onbaaat 
pressure, at speeds of piston of 800 to 900 bai per minnta. 
or about 60 miles per hoar on the rails, is about 10 per 
cent, of the mean positire prcasure in full gear; and falls to 
about 2 ;ht ceot. in asltiag off alaa»itliM of tbaatioba^ 
Page* ai-98. 

In the working of ordinary locomotivaa^ tha ynmua in 
tha ogriiiitler, wiiilo tba atoam ia adnitlad, i% n faiaiali 
oanaidetably Isia tbao that ia tha boikr. Tha fldl of pna- 

sure it t\ue to wireiJrawiiij; \>y tlin n^galator, and by lateral 
friction, honiif, aiul cirii;turo« iti th» steam -pasM^e*. It 
increases with the speci; ani it is greatly inLTcaseil hy the 
ptveence of water in the steam, duo to priming or conden- 
sation. The fail of pressure in the cyUn Jer-passages, with 

irj atoMi, and wbaa tha patto at* aa laiso aa oaa-itatb of 
tba piaton in area, ntvor nooodi 9 pir onL, oven at tba 

highest sfieeJa. In stt-ani-pipej not less than r-uc-tuntli of 
the piston in area, the fall o( prc&iure, willi ortlioary sie.MU. 
is practically Lutliing; when the steam is highly dried, 
steam-pi^cs uii«-thirteeDth of tho piston, pass the steam 
without any fall of preasuro. Tha gnatest uaeful opening 
of tba f^gidatar d««a not, in tuf 9m, aiaood on^twaatioth 
of Iho am of tba ptahm. Vt^ lOS-lM. 

Wit!i ri-?iicc', lu the ulliiiii'.i' practical efficiency of the 
steam in tlic cyliuJcr* of ilia ioeomotive, worked expan- 
Eively by the link-motioD, the following reaults were ob- 
tained with weli-protscted cylinders and paeaoges; with 
•team-potta, Uaat-oriflooh and ifliida ImmI, Mapaatl«aly iVlb> 
Atb» and ^ of dw ana of lb* platon. 

Pint, tiia tea* of pomr hy back ozbanst presaore, at 

60 milf! [)fr l;ciur, or SOD to 900 fest of piston per tiiiliute, 
ia uue-tvutli uf the wWe p^iwtir in full gear. It falls aa 
the admission is reduced i and is only one-fiftieth of the 
whole power, whan tho ad mts iion ia SO par ornL of tba 
atioko. AtSOn^ptrhanrtOriMtolOOftalarpiitoa 
p«r ainatok tba loaa ia about «i»lbitialh, hi fill giar. 
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Second, t]u mlMaiM if wMpwub a liMt ilow^iviUi I 

tho tpc«d, uti iIm wtib til* d«gTM flf «K|wnRTa mnUnf ; I 
bat oiiii jirc??ii>n is iint rei'»i>ne<l as ]<irs of powor. 

Tliird, ilie wliola drawback by the united back preMurc 
of exhaoat and ooropreasion, is ntarij ihft IHIt bt all 
dtgnm of apmka, ai big^ apwdii 

]Kmtth,a* giMMwiUidmiiiioBtf ■taa.at high 
specdi, with bmy laidlii is nk Utrt T5 fir ««oli of tb» 
atroke. 

Fifth, ill'? ofTt'L-tlie mean pressure In tlic cvliuJvT variM 
villi the |>erio4 oS admission : fur a«iniUiiio&!i varj iug from 
dMW^artb^ to one-siztli of iho atroke, the cfiMtive mean 
pmiBM win finu 90 par ctnt. to 25 par aeut. of tha 

Sixth, tfa« consumptian of water, as Bt«aai, p«r horse-power 
per hoar, is practically tJie same for all speeds, when the 
period ofadiiii ' i- ilu'Eamc. 

SeTcntb, tlis dlii.-uiii^ of i>team worked expausiveif, in- 
creases noifonnlj as the period of admimion is sliorteDed ; 
ontil, far 10 par oast, adniasion, it is about doable (he 
afiafanay nf tteam under ordinary fall gear, with 75 per 
eent. athnlssion. That is, tho Etoatu, wl)oii urged to the 
iitmp^t i!t'i,-rvi^ tA ixpAusion by the liuk-oiotioD, is cajp*bte 
of doin^ alinur. twici- a* Bsdiinik par poond md^t, aa 
when under foil gear. 

Si^Ulii fha atiMi, or witir aa st«ani, oon.vimed per 
horaa-power par hear. Maotdin^jr, ttma flOi Ilia, w 
fill] gear, to IS \h»., with an aAnlnioo of 10 par aant. 

Xinth, tlic rDii-.uiiij>li<iii of ci;k(i. altowiiir; 1 lb. fur S ILs. 
of waur eva^ral*ii, varica (turn o S ILa. t" 2 lbs. |kt h«r»o- 
power per boar. If 1 lb. of coke eraporate 1 0 Ib.i. t>f water, 
the eentumption woald vary from 3 Iba. to 1-6 Iba. per 
horse-pover per hoar. 

Tenth, the fongmatg cooelariona tlae ImU goad, at speeds 
vndar 80 to 40 milea per hmr, or atoot MW ftal af piston 

pt^r niiiiuto, nhen the jTirU &te not mare tbasA^of the 
pitlou, and tlis bliut-oriiice at least tVth. 

Elerenth, the foregoing conclasions apply to all diraen- 
•iggia «f cylinders, when the mechanism is in good aidar. 

Tanlfth, in all loeonotiTea, tbe efficient of tin aliaa 
en only b« thoronghly dardapad by well protecting and 
well liaating the eylindera aad ateam-pasMges, by ptoriding 
wide and easy steam-pfr'^.ijifs, hy miiutainitig tho vaU-Lv 
gear in the best order, by adi'p:in;; tlii.^ (niaHcsc pniciicalik 
clearance at the eodi af tbe ovlimlerfi, ami l.-y ailojiting a 
8idEeisi>lljhi|^pnMiii« in the boiler. Pi^ 109-120. 



OIAPTER li. 

£fioiiai iM TO m Bmu, 

Tbb MasUpipa naj, bi all well arrangad Man^ U ua- 
M|r and aeoMiad^ anplegfad bt tU antfiaii af Oa 
draft, and fhagamiatioa of attain; tn aa ftr aa tha actirn 

of the tila--,t may be made sufficiently powerful without in- 
juriuoilj contracting the blast-oriiice ag«in.%t the pistons. 
Tbe area of blast-orifiee is regulated mainly by th<i following 
aitmooia of Um boilir, in tho order of th^ inpertaooa: 



tiwcnlMniit tho aaatMoal aiaaa of 3na<«^ tfwoiigii tha, 
taba-Amilea at tho firAoz, and threogh the tntios tham. 

r<rlvc5, atlJ th[' alr-sjiiTc- of ^rati?. It !.< ri'^ulaii-l vitv much 
by the t&ctiua^l acc^ of cliiasiiey, aati aUb by the opacity 
of smokebox. The smaller the grate and the flue-ways, the 
smaller also mast be tba Uaal-orilao. Tho noat brouaUa 
proportion of ebiimio^, giving At «idial bhti^piptb ia dnl 
of vUab (Iw aeetional area ia OBO-fin««nth of (he grate- 
area; and the capacity of tbe smolcebox BhoolJ be about 
three ciihic feet por lV";t of j^mtc-area. The hia.st-oiifirs 
sliLiiiU terminate considerably below tba boitom of the 
chimney, at a diSerenee of l«?el equal to tbe diameter of 
tho oUllHln^ or aeufy eo* aaeo r d i a g to the fom of tho 
eateniaai, naUiat«M iapmttiari^indapandaBtof tho 
dimeulna al the eyilndar. In ordinary boilers, of whidi 
the seetiooal fenile-area at ftrebox ts about one-fifth of the 
grate-area, and the tu!ie-area alxnit onivfjunli, tho blast- 
area may ba made a« wide as oo».aisty-*ixlb of the grate- 
area, by saiUbly arranj;ing tho dataib of Ik* Mlir aid 
the Uait-pjpa, jPag«lSS-140. 

Ar p t awat fc o af priming, the ateam-spaaa m Iho 
barrel should average, in depth, at loa$t one-fourth of the 
diameter; the capacity of nteain-jpacp in the firebox-shell 
flioulJ bo eijual to that in the harrtl ; llie s'leam tliduld be 
withdrawn at aaa£cieut eleTation aljove the nater^lerat,— 
equal to tbe diameter of the barrel, if taken at one poinl^or 
•t the eroim of lio hanai, if takni off lyr Hawthorn's per- 
fented tabe; the water fa AahoHernnit be perfectly eleaa. 

If the water bo foul, or muildy, it is .I'.in- tn jirliiie, and no 
practical amount of attatu-room ran prevent ita doing SO. 
Iliil priming may be separated fram tho curreat of sMmi 
by the u.xe of separating pipes. Pages H2-15S. 

The evaporation of 9 lbs. of water per peaadof aobtb la 
adopted aa the economical standard in arango praetioa. 
TIm rata of oraporation per pound of fnel, or the poundage 
of water, i.s regulated by the gratc-arca, the luxating sar- 
face, and llie rate of evaporation pjer liaur. Iti u«ucfal, tiie 
tmaller the Crcjjrate, or the greater the lieating surface, or 
the lets the bourty evaporation, within pacUeal limits, Uw 
gicater is the poundage of water. The ot^orative po^mr 
par hoar, allowii(g 9 Iba. of water per pood af aakih 
ereaioe, wttbta piMtleal liarita, aa (he grato-area ts rodoeod, 
nhilo the heating aur^ice remains the same; ami it iii- 
cr«iueji M Uie squars of the heating surface, while tlie grate 
remains the same. The grate, therefore, should be mads 
as small as is coDsisteot with the damanda ht ateam, and 
the greatest nasfid rate of eaBbartioD. ThoMibnBiata 
of cdiiitiuition recommended, Is 112 lbs., or 1 owtai of oaka 
|jer K<]iiari» foo( of grate per hour; and, at tbe rate of 9 lb*, 
water per pound of coke, thi.i gives an I'vaporalion of 16 " 
cubic feet of water per sqisara foot of grat« p«r hmr. Theee 
rates of eooaDmption require a beating surface of 85 sqnm 
fsei for sadi aquan foot of grata. Tbe evspontive power 
af beamtiwMlaRiathaMBaattnapoadB. Thaav*. 
pontifO efficiency of coal, in terms of tlie relative weight of 
water evmporable by it, is, in ordinary practie^ about two- 
thirds of that of coke. The clearance between the tubos 

Isliould be proportioned to tbtiir uuuiIrt ; and the fore^oiog 
deductions are based upon an allawaGoti of rli arancc at the 
nto of |(h inoh Cor mrj thirty Ubea. Pi^aa 154-1£5. 
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KAILWAY MACHQIERY. 



OOAFCBR UL 
ImwoB js TO TBI Looonnm A Omuoi. 

VM tUpitmtMt ot Uie locomottva U ft «Mfil^ $» thit 
it theiild bt Wry enough to girs fslidwt dIhfaioB on 

t]i« raiU, for (r.vl.ii.u, wid that it shrnilJ nni steaJiU- 3t all 
fpecdi. The catisej u! unateadiness aru>« iiom the roci|m>- 
Mting motion of the ma^luaery, the mol-anaogoineot and 
dianfHur ot (ha t«Iu«1% tad inpeiiMlioBt of Um punmieDt 
my. Thmt nmm my di b» ewrtiiliwcl o* wmowd, wid 
ft ittftdy-going carrU^ obtaiiwd. 

The reciprocftting meehnism may be balanced by ooun- 
terweighti in tli<> liriring wheels, eqaivalent, when reduced 
to the length of crank, to the whole weight of the reroWing 
and reciprocating maaeee requiring to be balanced. Coaa- 
tanniglita tinu itimttrl, ftftd fnptr^ ^ffiiti, totally 
IRVfaot iMtiidhMW tnm UhI flaow; Hid th«y go fiv to 
mitigate the inatability due to diirepair of the working 
parta. But, of coarse, when the machine ii in diarepair, 
tlie beat wav to remote tntUUIitJ, «B tilftl Hail^ to to 
nftit it. Pagee 

Inio far ai ftabiliiy licjHtnU upn ()i<i general arrange- 
iMiM«f tho nHMhiBii, il d«peoda m tlw potition* of 
tlM ftdM, nd tlw ImkU npoo tbem. They ihaaU be placed 
well r^rwarJ. to Ica.l well, arnl steaJy ihe maeLuH' laterally; 
aud backward, to t^tcaJy it vertically'. Thp laugth of 
the barrel of boiler ahouli in any caie be nti >rtt'r (1.^:1 
10 fMt ; and it ahould in eotne cftwa bo longer, to facilitate 
th^ proper arrangement of the axle*. The diatributioo of 
the luad upoa tlw iftlait WMj bo ooaftdiotl^ adapted to 
the r''<^uirtmenla «f tho MvlBf wheel* for adhnion-weight, 

consnK'iitlv Midi tlic [iriue^jial ?i)n(i;i;oii tliat at IrXSl ouc- 
fourth of ibe tuul wet^i.i shi>iil,l be placed upon the troot 
a\k, as leading weight, ncL-essary br itmAj mwing at 
high tpeeds. Page* 183-196. 

Tho position of th* cy linden, oatside or ioaide, ia aoother 
•kiBMii»kkkiugraftattli*ilftUlttr«tdMQaiUMb Bat, 
ftnetioilly, tUi d«mwt do« sot u m m mi /Bf aftot tht ata- 
bility. if till' rwipipca'.in;,' part* be duly balaiii-ftil. The 
couipkt.0 aud aiEoieBi bklaucing of the mechaniam ia the ua« 
great and indispensable condition of general stability. It 
if tha aoftdiiiiMi, alaii af fnaaipg al hiUk ifaeda, aaan un- 
ataUa bcanotif* nbimI alt^ ao ifmit aa tuaU- 
lalanoed one, and can only be mofad at Uw aaoa ipaad ftj 
ft greater expand] tare of power. 



OBAPTER nr. 

tn fliWMw 

BsnrEsa the engine and the boiler, tlic only point at iasue 
ia the aixe of the bkstH»rifiae. To tait tho engine, it roast 
be large enoogh to admit of a free exhaust, witliuut Lack 
preanm. To aait Um botlar, it naat be small enoi^h to 
grcata tta miinary draft for eenVistioa. Now, aa otUoa 
baring 1-10th the an* of fbMa, ia alitwdliBtly Ifttga 6r 
the engine ; and an oi^fiea baring l-Vfilb of Aa giala aita 
is sufficiently sniali I'or ivjilcr^ uT urliiiarv proportions, when 
rightly detailed, iiut, fur tnirgiu, aliow for the greatest 
area of blait^orifice, ou'ly 1-Sath of the grate. Tho cr:f:ce 
rauM, thaa, banol lata than 1-lOtb of tba fialoft, and not 
morotliHil-flOtbafaagmtat tad, i» l a a a w i l a thaaa 

ditiona, the piston should be not flMia AlB I-Kk of dw 
grate, bseanai X J = A It will be shown that these 

lire uiufl Ulvjrai conJitifili* : tlial. the miii;^''" '"^'^ 'he b-jilir 

need no longer exist in a state of antagonism, aa there 
is iOM^ bi tha btaatfipa «a iMal tba taqudMaaaiito af 

both. 

With laspeet to the depaHUMiit of tba carriaga, the only 

[wint in which it htars ujxm tliri oiigiui'. I« in the placing of 
the driving a\li', whrii tlio hiuJ a\li' >■■< c<>u\i^<fd to it; because, 
i:i thii ca.«<i. Ihv liriviii^' axUi shuiilii Ixi set well farward. \(i 
throw adliei»itr»-weighl upon the hind axle; but it 
abould, on the contrary, be aei well backward, to giro S4kffi- 
aiant kmtb of TmiiT"t^ny rod, without mdoly astandim 
tho whaalbaia; for tho Itadbig wheels, no bato aoen. to 
command tho cyliuJcr*, nm*f h'- well up to them, if in frcnt 
A compromistt may, in genenU, t>« effaeted, without ma'.i rii! 
disadvantage. 

Between the earriage and the boiler, the autagoniam is 
of anothor kind, inaamneh aa, wbn the front wheeb ailj 
are coupled, iba hftml of tba bodltr tbonkl bo abort, stjF 
10 feet; flir tba Itadlng wbada ibeaM ba aotbaAimdi^ 
towards the centre of ;,'rav;l_v. lo xaVc' an equ.iI shiro of the 
luad with the drivers, and the boders alMwid be correapond- 
ingly limited in length forward. 

Ia fiwH than dooa not tftm to oiiat aa/ Hibaiaatial 
dilBMl^ia wtMag anl tba dhana Nfrimiaitf of tba 
toaaoMiitpak and in ao ft^jaatim tba aaaiarititB «f tbadlfr 
fiM«Bt aaationa, aa to pwinae gaa banaoaiODa whoia. 



fiEOnOH IL— RULES FOE PROPOKTIOUmO LOCOMOTIVES. 



OHAPTEB I. 

TUUMLKUH CtniiiBmaxiaiK. 

The circamstantaa \f wbioh tho pnportions and dimen- 
aioea of boooMtitwa am ii||«latad. ai* wioiuljr ootin^ed 
bgrdlAnal Bnhmi and baaia tba laftaila varialjr of loco- 
■wMira awrfiinii m aiialaaot ia tbii coaatty. If all tba 



' makers bo right, they should employ robotaitfally tka aiW 

I plan of locomotive, to do the same work, when (be eonditkaa 

art the Baiiip. Hut, aii, in fac*. they differ ooiisi Joralsly anJ 
essentially, not ouly lU matters of cou^iructiou, but also in 
vital quMtions of proportion, it ia clear they cannot all be 
right, and moat ot tbon moat bo wnn^ Ibo atuflast 
plan of pcocadara wiDi tbanfimb ba^ la bcfift at tba bqpa* 
aiag^ aad to ai^iiatMk «itb ft oiittftM of taam aid oi' 
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perieora, th« condition* wbidi murt nwMMriljr Im obMrrwi, 
for thf> eormi wi»ftMm tilt MfiBf poww t» tilt «aik 

TIw fint MMidantioa it, that the diiaenaioDs of th« 
Hid dw ^ImMMMcf th* boikr, «n f^litad kgr 
dlBVMit tets «»f firaiiMtaiiMi ; and that tiMft n m f nd 

r»!iitiiiii l>i'twcfi) them. TIio <!im(R!!mn' <if the fni^iiie. 

diameter of the driving wIimIi, depend upon the maximom 
tmetiv* bm nqoind l« be wariad t timm af the boiler 
dtpttd ti|Mii tt»iB«iimi tnwtin ^mmt Mqatitd to be 
rspeuded. By <ni«(ie# fim, h iMBt th* fNMHM of tha 
iieain on the piitoni redoead tbradgb tha enolta and tha 
wlic^'is, to the ff|iiivi!(>nt pre^suri' ut th" nil? ; this eqniya' 
lent prawure acta throDgb the whtwl* upon tli« rails, in the 
dbaatioB of llMiiMiM^tha train, and ia the force applied to 
amoanathatniiKHnitnMa. TiialriM(iw.paMMriani«8piM> 
aieu of tfca iroric daiw la diwriiigtliatiiito, and ia i m pnad 
of two elementa : the tractire foree, and tha ap aad, whteh being 
lonUiplied tovelber, exprew the power. Tll« tnMtive power, 
ihcn, vines with the ?pwl. rvcti wliih' ihfi trai'live force may 
i'tniain constant. The trjictiv« force may, or may not, i»- 
creae* aa the epeed accelerates; and the aame cylinders 
iriiiali wonU anlllM t» aiart Um tnin, ar ta dmw it at a low 
ipaad «R a alcap indiaav vothiiig uadtf hH put, and 
■rclvinc; uymn the pi^tous the full boiler-prMiure, when the 
trjt£iive iuioe m al it« inaiiniuin, are capable also of drawinp; 
the train at a high *p««<l, with ab^ulutely Icbb l^^csflurp 0:1 
tba piaiaoa than ia aiartad at starting in getting up 
thaapoadiOroBsttatpndim. Bat, thangh tha cylind<>r- 
prtaaon way ba no yw ** r at M|jh apaadathaa rt ttarting. 
and duMigh tba waight of sleant aipendad tut aach atroka 
of the piston may bo cvi-n h.'n? , yet the L-vlimlt'.-s are filled 
and refllled in more rapid itu«(>«Mi6U, and there may, tliore- 
fore, be a much greater consumption of steam in .1 i^ivvn 
tine. It ia tha fiutlioD of tha boilar to anjiply the ateatn 
thaa atnawMd, wd il falbin thM, ia gmanl, while the 
giaatatt tiMtlfa ftioa of tha engine ii demanded at low 
•ptada. tad ralad tha load, the greatest development of 
power, and In ^-i.-nsefnience the inoit r:ipid eoiMUlup'.iuii <if 
•team from ihe hoilrr, is dsuiaaded at high speeds, aad is 
raled by the load and the speed oenjointly. This oonaidera- 
tlan laada to tha fisUowii^ diatiaetiva MaalaaioM :— 

Thrt, h poanl, tha diRMmiMn of tba anipM mnt bo 
adapted to the maxiranm load. 

And that the dimensions of tha boiler must be adapted 
to ihe niaxiniuin speed, .^onjcintly with the niaxitiiuiii hjiid. 

The load is, of course, virtually increai)(Ni ou aiH'euJiiig 
incline*, in so far as the gravitation of ih« load on inclines, 
or th* undaaay domraaida, aeu in coqj imctian with the 
pioper MMlnaa on » lavil, ta inanaaa tfcoimk tobadana. 
It may, therefore, happen that the doty of the boiler on 
ascending inclines, at low speeds, may be as great aa 00 a 
level, at in^'h speeds ; and it will n'jw bo thowii licw fjr this 
is likely to oceur in praetica, within the nsoal limit* of speed. 

For pas*«nger-i«rfM,U(tb» inferior limit of acteal speed 
ba SO mHw par haar an i M andim inclines ; and tha aaparior 
Imiit,90iB3]iMporIiaBronsla««L Forgaod9-trahia,lattha 
inforiur and superior limits of speed be 10 niile^ unil "0 mWes 
per hour respectively, on aieendtn^ inelincs and on Isvel*. 



With reapeet to pasaenger-trains, the rnistaueea on a 

lovai, by tiie first part of Tahle, No. 98. p. 310. aia 

For to milea per itoor. 10 3 lb*, per ton. 
Fweo du. 29 Ibi. do. 



Tha aonannptian of ataaat in n givan tiaia, on a level, 1 
bo In tho oanipovnd iwtio of tho ranrtanaa per ton. and tha 

s|>e<'d. ThM spwis iKiinij a* 1 to 3, the ronsiiiiiptloiis will he 
as 10-^ ILs, t*) ay lbs. X 3: or in the ratir, of IO :l ll..j. to 
87 lbs., at 20 miles and 60 miles per hour respectively ; and 
the steam used at 60 miles will draw the train, at ^0 miles, op 
an incline steep enough to raise the resistance from 10*3 tba., 
dna to n JafaL to 87 Um. per ton. By Tabia, No. 38, tha 
raafatanea at 90 infla* per boor, amomita to 98 lbs. per ton, 
i trifle Ie3s tlian the allnwance, 011 an incline of 1 in 30; 
.and It fnlloHs, fiually, tluil the cotuumption of steam due 
to a speed of 60 niiira per hour on a level, is sufficient to 
diMT tfao mma tnin at SO nilaa par honr np an indiaa of 
linl». 

Simikrly, with raipaet togpoda-tralRa, tha 1 

a level, being 



For 10 miiei per boor. 
For 90 do. 



8'0 Ibi. |ier too. 
1»-2 lb*, do. 



and the sp«Mie being as 1 to 3. the ooniumptiotis of steam 
will ba aa 8 6 lb*, to 18-8 Iba. S, or aa frC Iba. to as-fi Ibt. 
at tho raspective spt-oda. Tba indnw vhiah, at 10 niilat 

per hour, would raise tlie rp=i?tance fri>m S'6 lbs. on a lafali 
to 3f» G lii.<. per ton, is I in 70, by Tabb No. 98. 

1 1 ii;.>pi-aiH,ltifii. rdiit the vni. sumption of Steam which would 
(aJ(e a paiuenger-lrain at 60 miles per hour on a level, woold 
take it at 20 miles per hour up an incline of 1 in 80 ; and 
that tha ataam whidi would dnnmfgad^train at 90 ailaa 
per honr on a Wd, waald draw ft at 10 miha par hoar up 

an incline of 1 in "0. The'.? cml'^ have 1 >ern worn I* J i>i.lt 
to show that mhva the ifxmd is providtd for iu llic iHtilur, 
there shoald be, in general, abundance of steam for incline*. 
InsliiMa at«ep«r than I in 70 are rarely to be encountered; 
but whm thay aro, of aonao tha boilar-powar (at gooda^raiaa 
must b« ailaptod to thsm ; or, tha apaad nay ba baa. VfHk 
respect to passenger traiiM. it ia ahown that If CD ntlta par 
hour on a level is provided for. thero \i a creat surjdus of 
boiler-power for indioo^ , if 45 miles per hour on a laval 
be secured, the same boiler-power will draw tha tnis op 
an inalhia of 1 in SO at SO milaa per boar. 

Tha aihoaw eompuMif* faaolta aw haiad npan tba flnt 
part aCOtShhle of Resistnrc:.*. No. 98. Tha aaetad paK 
of the TbUe is more suited I'ur ^ei eral practiee, as it allowa 
for <juick curvea and strong winds ; and the allowance* so 
utadtt, whiefi are very considerable at the hi^hor *p<•p>^^, 
provide for still better performances nt lower Kr/eeds or. in- 
dine*, than are firand by tba int part of the TaUe. Thoa, 
tbo baOar-^owar wU«h wodd, by tba aaaoirf part vt tho 
Table, draw a train at 45 mile* per hour on a level, wonid 
Uke it op an incline of 1 in 45 at 20 milffl per hoor. 

With respect to the capabilitie-!( of the eni;!!'."-, or the 
eylindor-capaclty, as it may be called for obvious distinction, 
it is clear that, in the case* above specified, the cylinder- 
capaoi^ woald ba in axeta* ai tha high ^aada on the loval : 
and wrald. on tho mtrarr, be meet folly taxed at the towar 
speeds on the incline*. 
The rulii^ data, oooeeroed in the drsigning of locomo- 
S4 
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tivw, ■ppw, tiuB, to bi^ int. <lw mninwn hhm wafght 

of cn^'rie, tPiiJer, ai:J traiii; sc-conJ, tlio maximum unifonA 
«pceil on ,1 lijvt'i ; tliirJIy, tin; tU'epo^l iiiclmc which tllA 
«DgilU', ii'ii'li'r, aij'l tntiti .ir» Uv aaeimd witliout M«itl»n<?«. 
Tb* iiMjuirjr MtnnUy dividw itatlf into two: — FiiM, 



CHAPTEIl 11. 




!■ tMkg tmt dw iqgiM^ iHiiah ii mm mm th» 
•jliDdan tad dliffalg'WbMta, ther« are thrm thiiign to b« 
dttoraililMd:— tlio dilmoter of the cvliader. tha »troke vf 
the pitton, aii>l iln^ iliaciiL'Icr of tlio >lrivt[ip-wli< i U ; 
th w matt b» a«»igiitKi witii rakUon u> the gross traotirr 
Jbm» nqirfred, the maxinium pr«s»ur» in the hoiler, aod the 
uanmau qpwd. It is dewiiUe to liaut tlw dbaitar of 
piitQB. ud oouequMitlT the MM, in oHir to pmrat an 
excemivo coaocutratioo of stsBm-prauiin' on the hi-v'un's. 
It it dnirable aim tb limit the ipged of piston, in uidi-t tu 
uu>d«rs:e the number and violonc* of the reciprocation*. 
The area and the roaxiumin ipeed of the pittmi, ibemfoM, 
maat ba adapttd to each other, to that the craditlMift dm 
to tiwdtiMUior tptMl m»y be latisfiadi w Hujf am. In 
«MjaiMtiaa with tha ttoUHpreesure, tha alMmnte of i1m 
engine- p'lvv nr. Fi dii the whole, it is ijiefuiabl.' that ih* 
naxinmiij ai pittoii slioald be cstiuiiktci (^her high, 
within the limits of employing a suitably long Btroke,and a 
wheel of moderated diameter ; iba arn «f |luUo bdag |if»- 
portionally moderated. Guili«i|iuMlj, far low yidl and 
keavjr loads, a long atroke and aoull irbaab ahaqld b» 
adopted ; for higher speeds and lighter loads, ihtrs most be 
a shorter stroke and u hixcr u h^el. 

But, the area of the ptatou aboulJ be suitably rulated to 
the boiler-pressure; or such, that the full prtnure in tlie 
boUar aaj bo imdo avuiabb in Uia lyUaim iiuiag admia- 
•ion, v flnfiBH7 irailiii^ without «irtdi»«iqg bj tba 
ItpliMar, aad bjr the um of tlie variable expansion-gear, 
tlia piston being large t«;iou„"!i m develop the erealest trac- 
tiv.i fi,ri-i' ri.<j-.iir> (i, iwulvr full sHiiii, innl fi ii.ljii.dvl m 
are», that tii« c«quired vM-Mtiujia of tta^iivu i'urce siiouiii 
be eifected by varying the period of admission, with lli« 
•Maai iroiii tbo beilon tnniod eooMaatljr Ml as to iIm 
«f liBdm. In ahort, Oa tnotivo pemr ahoald bo nriod 
OxdusiTely by the use of the expansion-gear, without any 
aatorial wiredrawing by the regulator ; the regtUator cuu- 
ng to bo « ngnlator, lad virtoaDy * mtn itoHModi. 



CHAPTER 111. 

CoMIDSBATIOItKI A! I K TIN.; t;[I i)IMJUial«ja» OF THE BolLHK. 

With respect to the boiler, the iMdiag valuso t« beaasi^ad 
ant, tin am «r^{M«h and the total hoatiaig awiim: to 



h» dotamind iiilii Niatiaii to tta atattiomiii rate of tlio 

euntuinption of steam in the eyliodars, atui tliu maxiniuni 
rate of eombnstion of fuel per square foot <i! gralo per Ltur. 
Th' th'iiiM liu- light, powerful, and ewoixnical ; and 

tbeisL' ci/u iitioii» ptooMttod by a quick, intense combus- 
tion of t!i« fuel, whidi adda to A» sffieieDcy of the heating 
■oiiiMOt aad laqaiNa km am of grate. Tlu> practical limit 
to (tm int«Diityof oomboitioa io imposed by the contingent 

fi.rcc t/f the draft, which mutt iiocfc>s.irily I"' iT»[ii J tii icsun- 
iatfiute combostioa, wiulu it ahoald UM bo «u a«livu sa to 
lift and carry off the fuel through the tubes. The limit thoo 
iapoasd, varioii of eoaiia, iriilk tha qaalitjr of tlie foal. 



OHAPTBB IV. 
Qtnub Data neocLATiiia thb Propoktiow W nu 

EsOItrB AUb THE BotLEk. 

MaMimmm Sftti af FiMttm.—A. apced of piitOB, of abont 
SOOfost per mtnitta, for a speed of 40 milsa per hoar on the 

rails, may be adopted as a standard ratio fur all speeds of 
40 miles per hour and upwards ; that is, nuiro sioiplr, 
15 feet of piston per uiiimt-i for each mill- r h ji:r i>n the 
rails. Ill this ratii>. iho e|-(«d of pistoD n .uU MiounI to 
9tJ0 fret per miuute, at til" miim per \mus. 

For inximMi aptoda en thoraila, km tban 40 nulto p«r 
iMmr, tlw Dudorara opeed of pirtOB tlHndd tie aa great a* 
may be f Min i n ri-iiiiuiit with good projwrfi m, 

iiuc, ttiuU|^h ^'j&itivu LiuiLa to the speeil u: puluu arc thuf 
suggested, it must be added that, so long as a locomotive 
< runs steadily, thoro does uo( seetn tu bo anjr limit to the 
speed, indicated in practical working, witlt MOpoat to tbo 
usage of the inMhanical organn : the limit gitiw« out of the 
necessity for quickly exhausting the »leanj, v> prcrent 
injurious loss uf power by back pressure. 

Maximum I'reuare in the SoiUr. — Couaideraiions of 
economy and convenieDCi', point to the advantage of a higli 
workiqg proNurt, not leea than IQO Ibo. per ai|aara tadi. 
U ahoald, praba]ii|7,aotbt gnator than abo«t UO Ibo. per 
inch. 

Katio <i/ th» IHawuUr I* tfn SiroU </ J'itton. — T\)» 
orthodox ratio is 3 to t. thi.-. ri :- 15 mcbes dianii>t«r. tlie 
stroke is St) inches. Hut any ratio may be adopted to suit 
circumstances. In general, u ui<Nlvnite>j diameter and a 
lei^gihened atroke. are piotesble to tbo rof siae dee^ Tba 
•iraka atay ba, in all etai% at bait S uehia gnator thia 
the diainottr; and It aay not in anj obm exeaod twice Iht 
diameter. 

Jlatitt <if /.!■ Sin.k. . / /') .,' , a to the DiaiaeUr Itririit^ 
tcAeti. — Tbo nun m alii.'KUid by several circumetauces. For 
600 ieot of piston per miuute, at 40 niiica ptjr hour, tbe 
ratio if aboBt 1 to .Ii. and a ratio of Inib Ito9i,to Itoi, 
irorka wdl for high spceda on the null. For lower maii- 
mnm speeds, the ratio should be greater as therpr-i' t ii h -i, 
but it should in no ease, pcrliapii, exceed 1 to t, wliitu liie 
lou^ of stroke becomes half the diameter of the wheel. 
i JMfre» ^' Ejtpatuim (FontMy.— This is neosoeari^ • 
1 T«7 vaiyiag quantity, aad niwt b« Hgnlatod }fj <m> 
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\tnWnee. It way, liowevcr, b» Hatwl gonfnUjr, tkst an 
ragioe workini; on a I«t«I, at a uniforin «p^, and with tt« 
resulati'>i)-li<,iil, *i|i<iiil<l eut off not later tli.ni .it lialf-Mroka : 
cutting »t] •uwuar uu a desoending graditni, atiil l:it»r on an 
Mcending gradient; and cutting off soonvr. with a 
mudlar imd. Thi« aidn of irorking naj b» w Cikroarabt* 
M eoald b* npMtad with hmtj geodi4nfant but with 
ligbl«r tntiiu, aod vrilb pasaenger-traina, espmuiTV-irark- 
ing «hou)d, aa a general rule, be more futly carried out. 
IndMd, there :ijr|"ar to ti<> limit* but lli'i^ti ;ii»i^m^l liv 
tlw «a|Mlbilitiea of cxpant:!' i ifi' '.r. t]i>' N^rsugtli ut' niHteriftb, 
11m tbiliiy of tht mttinc.- y^^'" > > ■•^-tk under bigli teni- 
pwmtttfM Htd fumum, ud lb* «fieMne7 of tb« jwottelion 
vlthacyliiHlwa. 

M^iinnum lu-.U: iif C,...,!ii--!;,.ti </ Fue/. — This may bo 
Ukiiij at 1 12 lbs.. Of I cwt.. «t good coke or coat per square 
foot of grate |ier boar. Fur fuel of mixed quality, itay 
100 ibt. ptr iqnm foot pw boar. N» allowantw u«ed he 
■hmI* far mmII baiUi% if enutructed with a proper amount 
of YBteN«(MD, M U iatanal rejerroir of beat, to Mat 
IrroeahrRiaa of firing and foedrng. 

per |">ui:ii i f r.iko. it would aiuotiot to 16 cabic i*H o( water 
per iqij.iri' foot - f ^raie per hour, for 1 ewt. of eoke con- 
Miuod par foot per hour; and M aboW 14 oabit U»t of 
mttr ptr Ibot par boar. Ibr 100 llM. af oaka. 



CUAPTSB y. 

PftACTUUL RULE8. 

Tn aimplMt waj to d«al witb tha ptnbkan af tha kweno- 
Uvtt, ia, first, to assnme gken dlntiuiona af eyUadar aod 

driving-wheel, n elvcn 8te.im-nrc>inrc in iIk^ Iioitw, and a 
given period of adiuisaioii ; and tu find fruui lhaao tbe trao 
live fore* at the i-aiti. Sveoiidly, to aaauoie a given speed, 
and to And tbo fn(«-«rea and heating gorhce of boiler duo. 
la tba iiTCB a p w d . Uw giv«n period of admietiotk, and tha 
inaliiw hm at tlia nila m found. Thirdly, to find the 
total bnid that can b« drawn, at tb« <pven apeed, and witli 
tb« tmeliv* fere* at tliv l iiiU ru iouu i. 

Fint, for the traeliv,; fi,i\-<^ ui the raiU. Ai&uituiig tha 
nasiBuin initial prexaure in tbe cylinder to be equal to 
tbtt in tb« hmkr, find by Bait 7, f»s» 116, tba aloeti*a 
naan pramia ia Oaojlindcr, dna t* tba ^vn partad of 
adniiuion: mnllipljrby tbaaiaaof pilton, And bjfimrtiBaa 
the stroke, to reprnMnt the dl]pl!raie action of twa oylin- 

of the dtiviBf'Wilaii. 
i'iie Intuit i« the tractive force at ibe raili. 

Secondly, for the grate-area and the hoating surface. 
Find, hy Bale 8. p«f{a 116, oitber the euusomption of water, 
or tba cdoanniptian «f eako, per horse-power per hour due 
to the given period of admission ; lind the horse-povrer re- 
qiiireii to <Iran the iraiti, in terms of tbe tractive force at 
the rails and the speed; multiyly tniutlicr tli-i two v:ilui'a 
tbaa fbond, to give tbe cunaumptioii per hour ; and divide 
tba pMdoat Vj tha awutnxd nmximani rate of combostion, 
«c af •mpantiia, ptr fioot «f gntat tba naolt ia tbe ct- 



qnirad arm af grate. Tba naaiaiy boring 

be (bond, i»i terms of the eontumptton of wat«r tod tha 
aroa of grate, by Rule 4. ii.-i^e 

Thirdly, for the tot»1 loaU ilut <;«a be 4rAwn. Find, by 
the aid of Rule 1 , p.-ig«> Sd8, the resistaneo per Um on tho 
girttt inolino or lovol, at tha gt*an apoad; anddi*ida tba 
tetnl trattlfa fettn by tha raahtaito par too tba« Ibnad ; tba 
quotient is the total loail that can bo drawn. T^Iili"' N'o-i. 
an, 99, are oonstruclod hy means of the abovs-niuio tl K^ile, 
:it):i will facilitate calculations. 

Expreasing tba diameter and stroke of piston in inches, 
tha dJtaelar of wbael in feet, the steam-pressure in pounds 
per afuart bub, and tba paiiad of admissinn in bnndrodtb 
partt of tha otnika: and UOombs^ the pratt ^bata bidi* 
cated for tinding tho titwtiw Cma ait tba talli, tba tnetlta 
force ia expressed by 



diu. pMM'n -TSM K uriSn x 4 « (ItS x/admiwrni— 19)11,1, ( , n i »re iiibwl«t. 
damtla of •liF-1 > iH.L. ■ )■} 

vrUidi, b«tng reduced to the simplest form, becomes 

« am ^^^^ 

Expniaing tba g^tMion and the baatiqg aailiwa in 
oqnsM bat, and tba aptad bi miles per hoar; and Annn- 

ing the maximnm rate of combo^tion <>( roki? to ^e 100 1!... 
por square foot of grate p«r huur, uib artu oS grate is 

cirMiadbir 

((•HIV X alniWM)+iT») X X aa^ 



whitib, bj radutian, 



1 7i) X iT«eiiia»wa X ipaai) 



37^ 

J!u!, till' formula is basod on an allowance of 8 Iba. of water 
eva|ioraril |ifr pound of colio. \V'h«roa«, wp faave now to 
<usum«, as tlif stai.'iiir.l. for working, u.u evajwratiun of .9 lbs. 
of water per poiitui of cultc, Ths reqoired area of u'r:iti^ is, 
tbetaioia, to bo takan oa kaa tba that aifBiflod by tha 
abova fbrarah, w tba ntmnf 9 to 8i and nndtiplying tba 
formnia by 8, and dMd^ bf wa !•«•, a* tba fnal warii. 
ing formula, 

*n)+r»>xi 



((t87« X adi 

hutini; aurfaaa b aKprassed by 
area of grate X an 
Tha total load in tons is expressed by 
iraciive force 



Iba 



rMittaoco pertodL 



Tbtao bnnnlai ara at pr ia w d bj tba fi>tlowing nilfas— 
Rou 1.— A jM llr nwKlf Jbfw n* <ia jla A; dbt l» 

yke» JHrnm ui t m nfta /lm , mi J H w l n' /m iwia L Fiadtha 

square root of the poHod of adiMlMioB in bondiadtlia of tba 
'trok..— multiply it by OlliS, - ni l "nbtract -0233 from 
the prodact. — Multiply the reiik.tmij«r by tho a^oors of (ho 
diameter afpnlaa hi inches, — and by Uie stnha IB inhit,— 
and b7 tha prcamra in tba boiUr uipoanda par afnarainflb. 
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[I,— Ti.« Txriim >'uir. tv0 lu ■PT.iiCT I!-, r, ,., „ ibn 100 lu |«4aM8*lock,«W)kli6M*aMdi***<*il8Mh AoKMfcbtal 

TrKtne Fdkc pwn n ibeTiblf Irr ,^i4:,m( t-7 Ik* ttqu,ndSA9kfiHBM*jB |Mnfcpv aqanli^ fhaarikil q|lnO 

wtm w Mlir-fmMnM nagkc ina 80 iki, ' 
cteHtf iMBkatnaMBat^iiiM 
«ai*«*lf iTlMS^WMllB 4MI, Ital 




80 iki, l> 100 I 

lOlM aar 8* lio ftMiiir>li*Hh 1l<t9 1, 



—Divide (he product bjr tlw diameter of tbe wheel in feet. 
Tlio re«uU io the iractiTO foK'c at the i:ill!i in pi.un.is. 

Rdlk II. — To fud the Area of GraU dm in pwn iiimtn- 
mmi of Enyine, BoHer-prttnirt, aad Spetd. Multiply tho 
period of adninioa is bund rod lha at th* •imko^ bjr 0275. 
— «i4 add 4-75 IS th« pnduM.— Uttllipljr (Im ion hf tlio 
trnetiro foreo duo to the given dimoiuion* of engine, found 
by Rule I., — wd Uie apeed ia niiloa por hour. — DiTide 
tfiLi pi iiuot I17 41,187. Tin mutt to th* ncKof |nte to 
ai^uare toot. 



II Rci« III. — To f-iti Me Jf Kiting finrfac* du* to <i ^i>*« 

|./ <i'riil,', iwiMi./inri I'M //i.<. ly' ii,{.. r yl...' l/ 
. fttr ^tiur. Multiply" tha intm uf grate in S4jaai8 foot hv BO. 
Tlio product io tho healins onrfaee in square fe«t. 

Kru ly.—TttJMtit Ttlat Load im it gitim Pimtmiom 
0/ Eitgim, ami fimt SjutiL I>i*i4» tlw tnetir* bm^ 
found by Riila 1,, by tho miitanco in [lonnda per ton, 
found by Rule I., pa^e 398. The quotient ia the total load 
in tons, oompriaing eiijiui'. Uu.li'r. :iini tra;:i. 
B/ tii9 tid of iboao rulos, tho Tabloo, Noio. 96 and 97, ani 
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drawu op. The Gnt Table, No. 96, containa th« traetiTo 
forca at tlie raila, by ItnU I. above, due ti> i^ivm Juncri'.iuna 
of engine, and parioda of adinm!)tr>ii ; the boiUr^pres- 
■nre has been tifcw thioughout at 100 ILis per aquare IdcIi. 
mi Um diaiMtw of « hail H 4 IaM| ik« ttUa araaU 
•tharwlot hun ban wtfmM to (aaMmBtnit 4ta«mwiui. 
Th«» relaiiv* apecda of pUton ara alao ^iven, an>l are found 
by Rale IV.. pa^ 110. Tbe aacond Table, No. i»7, oontaim I 
tho ^ru(e-ar«a!i aud healing aurfaoaa of boiler, >ia>3 to i,'iven 
tneliva iM««a, giren parioda of admiaaion, and givcu 



Tk* Bttk ia «fdtr b » uU* «f mutiattt for variem 
■p wJ i nd grMiaala. Taibb, fh. 99, hm baan fenud by 

tho aid of Ruic T., paiu 2I>S, a!Li,.>iii;,' rptibtamrL'a jwrton ( 
of ^rox» load ut cn j;iiu'. t-^iiiisir, aua Iriiu, at npucii* ol 10 I 
to 70 milea p«r houri uii :i lavvl, aud on aaoandiug gr.i4ii-nt.> 
of 1 in 20 to 1 in 1000. Tb« rmatance* are ettimated 
according to the conditions explained in tbo Table. Tablaa 
of tilt m t oimc o of mj^am «id laiiu uftitSMfy, aiighi bo 
wilk tho M of tho olhor fdio ^na. Bat 



they wonld be of lUtIa pnetieal uaa, aa engines and trains 
work in cijiij'iiK-tiiJii, nut si-p.init.-lv. 

There r«ttu4iai> h> bo eoaalraelad a table aboning the 
lood thot can be drawn with a giren tractive form, ot ft 
giaon ipood, oa • (radunl. ToUo No, 99 iA fom»wl 
00 Ihu plon. awl <ho«a tho totd lood h torn of vngin*. 
tender, and train, that ean b« ilrawn with a tractn-f! furce 
of 1000 Iba. at tiie raiU, at various !i|>Md«. iuid uu vanoua 
;;r.kilii lit^. The tota] luaJ? are {ouii i hv ilividing 1000 Ibf, 
hs th« rt'>isUtiv«» per U>ii coulauiod m Table No. d8,dM 10 
given -.prtida and gmdietita. 

Iheae Tablea will aoijr mich facilitata the appUgalioo of 
tho fcregoing nilaa in aakuhtiona reapMiiog augino-pilwor 
and boilfr-power, .■Jinl |ierf.)i-niar,.:e. 

Id the next pan, it in pnjpi>«ed lu du^ tUe inveatigaiion 
t>i ilic L(jL'ijitii>(ivi' ((jiiiM acoonnld of ila aetaal per> 
I'orinaDca dnring tbe laat few yvara; which will aarvo t» 
allow whol «n be done with it iu iu jiniiat ttolo of. 

•Bd ao data for conpaiiioa with fbtan 
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Dry »p and down. 

IVy tlijini nii.1 nfi. StroBj; V.<-Aii vijil up. 
1 )rv ilr.wn mi I ilj . 

Dry down and up- StroDit bead oiod up. 




tm 1 


s>« 




(12 34 




2274 


4m 


224 







MoTK. — 'I1i«e EDjincg ha»o a zratc-area "f i^ie ivi, u l eating-MlfcW llf MB 

16 iucbM dianttor, M iHfaaa itrokt ; and'dnnBg-wiueU 4 fiat. 

nwfiigiiNi »f tiw tioadan aid SiwUi- W« Hi » B^ilwy, 
Siltk* dan, hare b««ti «xp«rini»nt*il upon in vsrioaa vnyt 
by Mr. J. V. Oooch. and subieqn^ntlv by Mr. Brattio lUli! 

otiiprs. Th»' fnl'riwinc nru the re^uUs of triali« nf tin Sn;»kr-, 

with w«ighud tr»iiii, ai»d« i»jf Mr. Qoocb, in September 
ISMi— 

l*nrl!t if .fcnl.le trip, with Iraiin, ... ISA ni!le«. 

TiKK' III ruTintni;. 3 boun 27 uiDUtaa. 

Tiiuc ill itwidiug unaUaitbad to inina, 3 ,. 24 

Timr of (leatn (win{ npv ' •• 

Number o( aioppaitea. 4 

I'lmc of ditto C.I 

Anirkzv apeed, ineludioK iiu>ppau<i*> ^1*4 i^i^p^ p laor. 

Do,, euludiDgdo., 4 1 '24 tin. 

Coaaumptioii of coko pgr mile, 33-Z lb>. 

Do. of water per pouud of coke. S-B lb*. 

Avara^ Bwnber of etnk^m b Mis, ... 10^ catriaKea. 

A*n|a««i^«ftniii, 77] ton*. 

AnmtfWiadafiAnanaiiiii parUief dtroke, 40aareaBi. 

BlM»iBW m — fa botlLT. 74UM.IttnlM. 

CjrIMar M} bf :i ineW, «f hcrl 0} (cel. grats-oiw IM ttn, 
liwting'turfaca 8UB 4 feet. 

8em« of tlu' .I'll -nifs on lb* aaine lina, on tb« aaiiio gcnemi 
plan M tli«S:iiil<r. ii.'ivo lately htnu i\iie-l wiiH Mr. BMttie*a 
doable fire-box, one box, baraiug coaJ, being placed behind 
tk» other box, barnin!; coke; to that tho amoke of the eo>l 
U fMMd otr«r tb* inntoiltMnn eok« btfm aottting the 
tiAMt, to inrar* ito coiiiplato MNnlnwIiMi. An apfnraiua, 
by Mr, Beattie. ior hMbg the feed-wster by the waate 
Keani, ta applied in tk* MUe enginu. Tb« reaulti of tba ^^ 



>«f OM tli*tagin'*< tbe Britannia, between Lon- 
dm mmI SMtkmrlM, ^tawfMl Ur. Bd«M!4 Wood* 
and Mr. W. P. Manhall. fa iasS-«,* an aanteintd id 

T;itili' N.I. llli. 

TAULK HO. av-putrnKUANce; OP niic biuta.*'ma, i. « sif. n. 
WITH MATnira OOVBUt mi-Mx. 



I IIU 
OtLM 



Lenj(tti uf double trip, with train aiilM 

Do. do.. wiiJi engine do.. 

Down tnp, aren^te fain exr<. 

Do,, an!raj[»ap«(d loobiug... mile* per hour 

Dn , nombor of atoppa|^ 

Up tripka««raae tiaia cam 

0*H «wa|i»M«<Man)V......auiM|Mrhwa' 

Da.. aamhw<f«Uf 



Total oomumplioti of roke .eiria. 

Dm. euai cwta 

Do. piT IIUIL' 'it IraiD .It.. 

Do, I fi~s^nt U>> 

Water evaporated per pound of futl Iba. 



Averace prtaaare nf rtaan, down , „ lb* 

do.. up ib»- 

Greateat proawre tba. 

da, (omitung laat 10 nuteaj Ib« 

do. IB tft^um IT aiOti. I ,y„ 

ri^\hU».....Z...Z f 



15Ti 

Id 

12 8 
31 4 
8 

IB 4 
29 4 
7 



10 

n 

17 I 
111 7 



1KM. 
Ju. 17. 



3 



14' 
1411 
II 
283 
8 

l)>'3 
27 4 



18 
«* 

m ii 
III '.: 
8 1 



104 
100 
128 
8* 

122 



T'lr i riindera am 14 by 21 indie, "l i-, is 7 fct«j am of 
iM aike 141 feet> fur ooal 2^ feet; heating-aurfaee. !KM feet, 



Si 
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RAILWAY MACnn^ERT. 



The avenigH tor die week ending 26Ui October, 1853, 
mn fonnd, from tlw Eaginmnut'e Diary, to \»i — ^T«Ul 
nilea run, 8071; mnrngt load, UcMri^fi: «MMUBpliim 
of fuel per mib, IM IbiL, on^Bfth of whieh wm miA The 

author obtained the followini; r' ?i;';= of rm il»y'« trip to 
Southampton and back, on Lho \)lh January. 1834: — Are- 
r»gt) lr;nu, 11 carriag'.'s, fuel p«r mile, 16 !!><.; sirun;,- 
nds-wind, oml of iuferior quality. The eooDoiDy of fuel 
fgtnoi IB tba abovo nibIu is doe, pnteUy, lir tlu 
giH»ftt,to«fc> l ia* n ito r lM«laf ffitM i 

Ob til* Eaittn ObmttM Rtihny, ih. M Ttek Low- 
■Otive, illi.'^ir it'ii in riir |ilntcs,»n<l dwigned by Mr. J. V. 
Qoodi, ptr.ui:ntd as rnoir Ifil in Table No. 105. 

On the Manchester, Sheffield, and Lincolnshire Bailwsjr, 
Mm* eoiii|i«»tiTa triala of apaad, with givaa tiwna, mn 
' b 1848, hj Mr. PMnck, wtk ngam of diftim 



proporliooi, OQ tba finl I84 
which ria 
for that diatMM. 



lialM 



TABU VO. cn^— rSKfORMANCI! or J. V. OOOCH-S TANK 



k and) 



Uile» run, 
WW 

WriAi of (rsiD, OTtlirfim aBfae. tana 

Niunber of 



CoIe. 
W 



Do.. 



mint.ue* 

_ Stoppa;ji^j| 1 

niiles per hour I 

excludiajr do., do 

muc lbs. 

lb. of ook«...nM. 



I ID b«ler.... \ 
lbs. per iaoh J 



Ulft. 




J>l7 M. 




2S8 


m 


253 


25!) 


«5-« 




68 


08 


7 


9 


8 


0 


a 


G3 


fit 


u 


37 


37 6 


3!) 




41-4 


44 '2 


40 


43 .T 


lA-l 


I& & 


13 0 


15 1 


83 


»7» 


8S 


BA 


S3 


81 


loe 


100 



PAUnVB TRIV(;S OF U)CO>l(>nVBa ON TUB MANCBI 
BAILWAT. BT UCHAIU) PKACUCK. IB4a 



OaltartrU | May SI. 

Nunc of eoKine Iiicm. 

Niuiw of mater ,. Sharp. 



Id elHiMaHy— inche* 

DiMieier of ibl»iiif aliiall feel 

l.enKl!i tif Ente. feet, iDciiea 

lirtmiJilj uf do. da do. 

Numbyr i>f tub«- 

Leojttii of do. feet 

Ouuidc diAnHTtcr of do.... iachea 

liiaiide diaiueter of (vralee at fira-box _ dou 



An* of xntt~ 

Ilintine-'orfiice of KnrboS^. 

Do. of tube'. 

Va. t<Ui 

BNtioniLl urea of tt»-wtj is 



do. 
da 



Weight III traan~ Ions 

.Mosn prcMoro ia iba bailer- — lbs. 

Avern^i-u 6|i«ed- luilci r*r hour 



Uav 21. 

Jennr Sbaip. 
Su&rjK 



S 

9 0 
3 Ci 
178 

1» 

1 



10-8 

•W 3 
77ii 
831 

m 



10 X to 

St 

3 2 

I'll 
in 



SO 

«7 
35 



11 ■« 

89 
813 

IIS2 
202 



73 
41 



Jnly2 1 JuljrS. | Jdvg. 
Jennr Liod. Jennr Sharp. labhillt 
WiImhi. | ^hari> | WBaiB. 


U X to 

0 

.1 rt 

3 0 
lU 

11 
i 

ll 


10 X 20 
fit 

3 2 

3 -i 
101 
10 

i 


16 tl 
T 

t S 
3 fl 

lUO 

13 
2 

H 


ins 

81 

708 
780 
911 


H-d 

80 
043 
»32 
202 


18 
Ml 

im 
im 


70 
70 
31 


70 

79 

■^0 


70 

34 



The roaulta, in Table No. IOC, arc remtu-kabla, ud • 
«aaipart(»B will ahow the benefit of » liberal laeliMMl 
araa of flna-way. nr. l the bllaiqr «f vai; htgt boilan, aind 
luge wheels. 1^ i>vd to nodtnte dlnMi^a and eena- 
pact proportions. 

On the London and North- We«t«m Uuilwav, a aerira of 
aiperimenta was made in 1853, by Ueaart. Edward Wood* 
md WiUiam P. Marahall, on tha parfonnaiNaa of la««ine(i*ea 
kitwaan Loodaa and Btwliigliaw * Tlw Soatham Diri. 
sioD engte aihttad,iMnllab SHI, tha Ilia maat 
approved eboB of aoghiaa than raanfai;, and Ma, 100, a now 

engine on M'CunneU'.i patent. Tli« Naitkan Diviiion 
engines selected, were the Heron, Princa of Walaa, and 
Boeket. The two former are of tha general elaaa of enginea 
asad on Uie NortlMn Diviaams tho lattar ia ana of a mv 
ahto. Tlia liadimjiiniinilan tf thi wgfaiia art ffirm in 
TalilaNo.107. 

Tko nortlty of No. 300 eoniiata in the boiler, which wai 
desired I'l jirmioti' ••va|iijr;i'.ii<! economy :—Firat, by ex- 
tending the hre-box into the barrel of the boiler, and latting 
the tube* thna far forward, to form a eombnatioiHeiluHnlier, 
in wliich the carbonic osida, if any, analog from tLa fuel. 



may bo conatimeL by mixture witli jets of air ir.triiduced 
from below. Second, by the use of a saperh<>ailn;^ veeael 
in tha amoko^bos, Uuoagh which tho ataam and priiuing 
t fMa an tha my to tha ayliBdifa. 



rUilS NO CVIL-FABTICflAl 

AND I<ORTH.VrK!neil.N KAILWA' 
AM) MAMHALt^ IN ISM 
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* For the paitioalari af 
to the Hrffmt of tha a 
Buuae. dated A|MI t. 
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B&ILWAT HAOBOQSKK 



The toul coke used tlirongbout the Jay, in lighting the 
fire, Dusing atciun, and working Um rn^Dd, ia ineloded in 
tha ubabtM «ammg|iti<ia, aUomna* Mu mad* br eoke 
■MuiDkig mtaunimi in litt fii*-Wa ■* «■ «ki of aach 
iky*9 work. The coko waa the beat Fmtt't WaaL The 
ma]ta of Uie experiments are given in Table No. 108. 

From tiif ligiiL train." u. imir i'jiria;-. s to tlit* hoavy 
ttkiua of twenty-Gre oar(iag«&, iha ci>o»uuipit<>ii of ake, in 
I tmgta from 20 lbs. to 30 Iba. per niilo, the 
an 42 to 99 milaa pw hour. Th* eor- 
iwlad mighlt of tnina dM to tbo diftmso of tanteK, i^ 
eatimated by adding to the traina of the Southern Division 
engioea, the eseeaa weight of tender ^te 10 tana, ao ai 
tu match with pwCtmnM af tU thtOam INriwoD 
tiagiiies. 

Tb««oM«Dpti<Dof«olwpir«tMnlhot«f fMtowMoj 

foltowi; — 

Ko. 300, menu af llitu: tnp*... 47 lb*, per f<K>t per iuitr. 

No. 201, Dwui of oixlnps- .U Mia> 4a. 

Heraii, moim of five tnp*. Mlkh 

W ow am wmmam nti Waat^fe, aadt^j^ ^ 

In economy of eTapoTStioD, the englnef rank as fallows: — 

Na.90C. „ 0-13 lb*. vlUs ym (xiand of coke. 

Uen» laO lb>, <li). 

Rocket „..„ T'.II lift. 

Ha m ««i lbs. do. 

iili same train u Ko, 900 bad ia the last caw, the 
Uemo and Prioeo of WaUa •npanlad laapaotieolv 9*99 lbs. 
mi 8'W llio. per poniid of coko. 

TlwWaighta on 'Jil- >t.-iv°M^ tsIii>»U of the «0|Hiat«aN: — 

K (..n<. fni ili-i S"Hil.'-m Pi»»'K»i. 

J C.'lii fur '.lio NiKll«|-l Il|v.>ii:-i 

Practically, there was tio eU|ipiii^ of tiie wheei* during tbo 
Mtperiments. 

The results do not sliow that tho patant boikr 
any apparent adrantages. Experhmirtt lately 
fimi uur deductions from induei'i r\;if!rii;ii'ij:. 'tetailed in 
another part of this work, that, m oisliuary walking, there 
is no diaengageiKent of free ntibonic oxide in the locomotiTr 
fiuruce; the drirer of No. 300 seems to have held the same 
apnioo, as he worked with the air-holes closed. The great 
MNHaina of Sn-hn anrfto^ alaa. aniTad al in (ho paMM 



boiler, by the aid of large dimeirisiiuiii aud nameroua modi' 
tieationa, is founded in what we hare prMad. ill Moihar 
phwo to h* a fallaajr, naaioljr, that thoro la anna pamlte 
advanliga to In-koi avhaa afar laka aVifllMa.* 

Tbc naaka of snbae(|Qent experiments made lijr Maaira. 
Wooda and Maraball, with Noe. 291 and 300, on the corn* 
parative mechanioal values of ookeand coal in ilio cviipM!^. 
tion of water, confirio the results of tJie nntbor's ex|>eriuients 
oil the tamo subject, already asm /uuci'il : — that, with eqoat 
weighta of ooka aod ooal, tba eeka ia oayabla of unfonltiaf 
60 per oaat. mare watar than tbo ood, their maoh—faal 
values being in the ratio of 2 to 3- 

It is usual to express the wurk of on engine in t«rms of 
lli:^ fuel i-oti5iimr'd |icr mill' per I :i of tlio jra*? wclgiit <i! 
the train. Several examples of lJii» futtu ui eVj>resM>icm 
ocevr in the tahka of parformaDee, and viewed ccmmereiali/ 
it is uo doubt tha aamct fonn; hut. mochanieally. the doiy 
should be repraaaotad hi terms of the fuel per mile per ton 
of the gross total we-^'fit of rn^'ine, tenJer. .iirl train. Tiii? 
former varies maeh witli tlit ivoii^lii of the train, bciu^ Icaa 
as the train is greati r; r.'ii- InUt:- \:inn -ilsi>, bat in a leas 
degree than the other, and raofes frt>iu i lb. to ^ lb. per 
mile per ton gnai. with orAimirj paiaimir tiains. With 
heavy tiaina^ paHenfir ar fiad^ tha cuMBmpUoa ftUo aa 
low at I Ih. to ih. per tnlle par ton grata totaL Tho 
grealfr croiinniv wltli tl.o li Mvior loads is due to the higher 
steaui-jHfsauiB ri'^itireii iu tliE cylinders, Aod the iielatively 
smaller losa by atnioepiieric resistaui.'v, which take* place 
under the ordinary oireaoutaDota of eiiginaa. Bat it oaght 
not »o to U, farthal^blav tht lead, th* man ospamiealj 
and the nMMaeoMnivdlyalbaidd(lMat«a«faainiiAiad,tha 
initial prtanro of flw atoaai hi tho eylinden nnatidnf the 
same. There is niu«h scope for itii^irovi'iii' iil in the lo«0' 
motive, if not anatomically, at kwl j4iy*ialogica!ly ; aod 
there is much to be anUeipated from the honourable rivalry 
of the ragular rttim itngintmn who deaiia to retain llw 
oaantial fiMiitaa «f tha atoaai-iiigtiia piapari and thMa 
who, with Siemens and with Rankine in tha van, damto 
their efforts to " rqjensrative " cisana of oshaaatta^ tha 
fiMta af atoaa and of air I 



* LoMnnotive-boilera hare alreaily been treated at coosiderebli 
leiij^li \>j the lulhar in this «ork. ami aIw in a |>aper on " Loeomo* 
tjve^lsn." read bjr lun a« liM iaalitatum ei Cinl Bnaiuasn. 
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DIVISION II.-FIXED OE STATIONAET PLANT. 



fIftSI-APFABATUS fO£ SHIFTING AND TUBNING fiOLLING STOCK 

AND GOODS. 



SBOrrON L— SWITGHE8 AliD GB06SINGB. 



Swinui nd ermilgi m amlly oonttruetaci from the 
nib ii coirawD sm «ii Um xtStny for whidi thcjr «n iraiie. 
Th«j u« otrrivd is eHt-owa vlwtn •piked down toalNpan. 

The switcbes consist of moreable rails, and are worked hy 
rods ronnreted to bandies to whicb beavv weigbts are 
attacbtt'l, ill'! t'linctiou of tbi: ncl^'liii bL-ini: to rcuiu lb« 
|ioiuu in one potilion, and to act im a ielf-actinj;adjiutiatii( 
ill mtoringthwB to h, aftur Hhmf tbaHiti (or tha piw y 

Oraami|i, dm. an nfndly msd* fiwii tin laik vMd in 

the prntjutiuiLt wav. :i:i<l i:iiU:iMy put together, atlttd itt 
cbair<. nn i put di;»u pciniiijctH.lv as tiitumi. 

Sui'.( Ik'i arc niado cithi-r double or i>ingl«. — with on* 
lOOTMble rajl, or two inovrjible rails. The latter plan is 
generally mad for main-line aidinj^s, aa it throws the rails 
l« eat ti gam* tliSB tba fomar, and diatarlia to a \m 
•xtaat the eantiiiai^ aftlia taaring aarfaee oflha nUa. 

CTIAPTER !. 
Gesb&al DsBCKimos of Sititches ahu CBoaiiisias. 

Tub bMt detailed system of awtinliaa and eroniiigt, nuida 

from ci'ilinai^'. rail=, i?, in our iniDd, tb;i; Lrr.]M"_V(>d by Mr. 
James Beli. reaideut £u^'lu««r of ihe SoiXh British Bailwaj, 
ahmn in Plate 48. Hi* •wttchea and cnaalift am tlia 
nnU «r kng and iotciligaot cxpetMMa. 

HmMt BmlAi*^WF» iuMa tmMk aanaiata of two 
•lidiog tongaee or points, two stock or tuaio rails, and one 
guard-rail for the long tongae, carried in chairs saitably 
fonne<i. Tl.e j'oitils an.' v.ml.i'd liy rmls ..i.A ■.vcii'iiLt.i 
laven, inelo««d in » cMt-ii-on bux; wiiitii, wiii) the cliairs, 
an ahaWB in full detail. The points are tapered towards 
tbilr titranitica, and mvn faaiiaontaUj and ladiRlir upon 
thair batuor*'b«eib.^ Uia diaira an Mtarad for diatlno- 
tion. The ewitchos arc pinned into hovl chairs k, l; and 
slide in othors chairs A. niadw with sliding surfaces, and 
faariug tho ja*» mlRcientlv nf^urt to allow the required 
trm*«l o( tba awiMii, wltila tbty act aa «lie«k« (o define the 
tKfil, and ta aajipart the paintai The mi^t noi wianda 



both points through the mediant of the twitek-rod; and, 
aotiag conataatly in oaa dinetiao, it maintaina the poiMa 
«|WD to the main Una. aa ahawn io llw |ilaB. Tba paiitian 

of the points when shifted and opened to the siding, is 
shown bv dot-lining; the lonjr tongne is supported by 
the ni.Tiii r.iil, .in-i i'.a Jutv is to tijrii out tlie tr:iin upon tiio 
aiding. The guard-iiMl guides liis tnain, by engaging th« 
left hand wheels and holding them up to th* aiding rail, and 
so carrying the right hand wbecl-llaugce elaar of ibe tip of 
the long tongue. The guard-rail aleo protaefai tba aheefc in 
the II. a i: lail i:-om '.viiael-ftanges, lOiicii nii;;!it otherwise 
foul ihti rstuiu or alwulder of the chccl;. iii front of (he 
long tongue. Siniilarlr, the Un::; tuiisui- prijti;i't-'< tlio sliorl 

tongue, when open to the aiding. A train entering tbe 
main line from the siding, will of itself open the points to 
the siding, \ij ynigmg tbent open, and wben it baa pae ao d. 
: the point* are retttmed hr the weijilt to their peraiaaant 

I pot;'. in:-:in iV.i- n.iiii V.:.r, 

iiiii^U <i>Vi'.\-.4.tj.— SiHgle swiuliM. a« afian^od by Mr. 
Veil, Plate 48, consist of a tongue, a fixed point, two fixed 
main and aiding lailsi and a gnird>rail. Tba awiteh ic eom- 
raaadad bj a weight, and beU «|ian to tba mtiM Una. Tbe 
goatd-nil protecte the tongue; and h li eairried ap atoaff- 
alda tba ftnd point, and keeps tba wbeala on tbe rails wbfla 
passing the gap fronting the point. When a ir.>in i-< to 
enter tbe siding, the ewitch is hauled up to tba mam rail, 
and the wheel* on entering, are first caught by the guard- 
mil, and eondacted eiear of tlw toagoe. Aa lb* wbeel* 
adfaan, tb* gaud etaaia to aet on ibwi lalemlly, tbajr gat 
into contact with ttie closed tongue, and are pr<>!J>c<J n-<<|1 up 
to the siding rail till they clear the fixed point. A'^un, 
«In:n .<«;trli i.i ti|ii-n (ii (.In- ninii) lluf, t.-mn i.dv.iric:i;_' 
agam.it i'ho |iuint«, will pass clear ot tiie toiij^utt; uud, 
farther on. tli<' tongue will take the flanges of tbe near 
wbeela and bold tlMm np to tba main rail, and tbaa anaUo 
tba of-wfaaela to dear tha SxtA friat. Tbua, It apptaaa, 
the switch guards tba And petBt, belb for ilia naiB lioa 
and for the siding. 

. Crmitifft. — The crossing, Plate id, consists f t' ili,' poust, 

i formed b/ tbe Jiinetion of tbe aiding and the main-liua 
raibt twi» wing r»h line aod aidiagt and tba gnaid- 



Digitized by Google 



318 



EAILWAY MACHINEBY. 



rails. Tlie gurd-n^ MbIw and ^ide the whasis wfaeii 
ranoing against the point, that Ui« flausas may clear; 

whilst '.he w ii)i';-ri^U h i! ) the wheels well up. »ad MCure to 
them all tb« available bearing while paaaiog tb« in frsnt 
•rihit point. 



CHAPTER H. 
PBtnoiMy a» Ajuana w awnam m Owmnw. 

PnSminaty. — The ganging nf the points, and tlie travel 
tlNwlMai-flaBfM,Mdtib«gMV»l/liM«Wlik AIIOWMIMit 

•1m to be made br Urt«nl mar «f th* flaagw, wUdi inmases 

the plajr of the wheels. The thicknMS of fUn^, when 
nfw, vnr^f! from li inch to IS iiu'ii; and the gauge of the 
wheels, or distance between the backs of the tyres, is from 
4 feet ${ inehee to i Cn* 9 inches. Thus, the Utetal plar 
«f the whadai vluR mm, varies from k iMh to | ineh. 
on a raDway of 4 ftot 84 1b«Iis« gaage. Loeonrativt wlwda 
a.'o not uiu;i'ii\- sMowci tD war to less than 4 inch thick in 
ibii liuigo; uor c-Aruiji'!' .'tn I waggons to less than 4 inch 
thick. A pair i T whcrli ;;;\Hged to 4 feet 5i iMi-h- H, hMi 
i inch thick (l»«ig«*, mea»ui«s 4 feet 6i inches inctuilin;;; 
flanges; it has 2 inebes play between the rails, and either 
wbe«l oHyr ofailiMy tiio tail indiaa, m tha iaaide, mea- 
sured fran the imida of the ftil to (ha liack of tha flange. 
.\'Iowiiig i inch lUori- f<ir 'K-iw^ioiod ilcviiilioti ttf i;rvii;,-<'. tho 
cxuciuo ovorbaog of a ubcol iti^y be H iodii^, iiu4 ihu throw 
of the switch should be sofficient to clear the wheel in sudi 
a ease, that there majr be no risk of the whesia tripping 
on the poiata. 

IliaattliqBOf tha gnBtd4lii^allo, depends on the gauge 

of Ae whatla; When ther oeenr in puira, as at crussings, 

they ilionld not be »**. widrr .ijinrl th;iti ihv k""^;.'' *f ^be 
wheels, that they may not be wedged between the backs of 
the tyres, and that they may not strike tlie wheels with 
ysalur ftme than ia negtaiary in the iNiiineM of ggidiog 
tlian ihia^g^ the pointi. II tlagnaiA-ailalia |^iii|ad to 
i feet 9i inches between the outer tides. thajatandSinchaa 
short of the inside gauge of tlie ordinary ntiU; and thb 
lt:ivn I .J ini'li un inch Etde, as clearance between the main 
and goani-raals, which is sufficient to pass any wheel-flange. 

It is, then, the general practice to place genr J-r.)ils, double 
ar aiagia, H iubn daar «f tha miiB lailai aiid Mr. BA\ 
gifN tha Ian; toogaaa abont 4 huhii thmw at tha tip, 
leaving a passage, 3i or 3f inches wide, dear of the main rail. 

To obuin an easy entrance, the ton;^uee and the fixed rails 

should be fitlExl to each ntluT, that the inin r 6di;ta (if the 
tongaea, when doaed, may ran evenly into those of the rails. 

The tonguea an nada unequal iu length, in order that one 
of iheni, the longer tongue, with tha diadi in tbo main atil, 
may be protected by the guard nait tiM liding^raiL 

TIrll' i Lioul.U Siriti/ii f. — Tiiu tongues are tnii'^i^ out of r,-iiU 
respiiclivtiy 12 and lU tcct Lung, of which the iouger tongue 
ia laid ill the outer rail of tho siding, forming part of the 
aiding, arhilat tha abort tongue forms part of the main line; 
aeconiiiigljrttha 'maiBfail' keeps itaduo coarse, and tbe'maiu 
and aiidiif nul* kaat ant jaat ia butt «f tha ahait taagn*. 



The tongma ma tafmd co tha nppar aida Cpc part of tbair 

lengths, as shewn, and finish f ineh tfaiek at the tip*. Tht 

fixeil or (tock-raili arc nrjtchi?J to reocivc the tonjueo, i inch 
deep, aud thu utktcr uf the Uuugam ars berelled olT on 
the upper edge to } ineh thick so as to sweep flush with tbo 
rails. They are also rounded on the oatara^ea. Tba taper 
of the toogae-raib being exeeotad on both aidaB,ta«wila tha 
wA, tha angle formed by the tapir ia aatinguisbed on tiia 
inair or working edge, and the enlranee Improved, by aet- 

, ting the rail lat*r:iUy, to I rln^- i):n »hnh.. h'HErih of tlir tr-l-e 

' into a straight line. The under lal<Il^1 of llii' toti'^iit^-raiis 
are planed off on the sides adjoining the staek-rails, like 
the upper UUaa ; but tha oaisr aidsa are left whoU* to retain 
ao nmah af tha atiShaia af tha nik, a«d of their iMiar banr. 
ing surface. The upper inrfare of the tongnea k ataalad, 
owing to the narrowness of bearing, for a length of IS or IS 
inches from the ti|i«, .mii I to ) mrh '.\rv\>. 

The guard-rail eonaiita of a half.jen^th rail, 8 feet loo|;. 

1 The overliang of the rail bpy and the chair at each end, ahould 
be wniidetabla, to admit of aome ebstiehy and aaaa of 
nation, and fbrthaiaaa naarn tha aplay ehenld be nwdorato^ 
just sufficient to clear approaching whci-l flinec^. Mr. Bell 
splavs to 3 inches clear of the stock-rul, aiiid liv oveil.wnis 21 

I iucliee I.' .\t rhc to]:.'u^. whiiih isa« much as he can command. 

' Th« ^^ iik-ratli are of the ordinary full-length raiU in use 
otb ihc hue, in our example, 16 feet ; and, as the joints of the 
stock'raili and taognea, In thab«ol>«hain»aio nU in natnMgbt 

' lino ttanararaely. it ia elear that a aat af daai^ miitnhM 
may be oonvenientiv do'.'.n ,->i ^ny p^rt of the linn hj 
lifting up a couple uf tJ«u jjeiiuaiittil radji. 

The gau^'e of the twitches, wh«ii open to the main line, 
it eeneibly eorreet all the way : when open to the aiding, it 
ia reduced ) inflfa, ta 4 liMt 7i inobHi, jait ia front nf the 
sharttaagna, oiriiigtB tha diangwaa of th* kag taafaak 
from ihewotlctBg edgeof wbieh thegaoge h mcaanred. TUi 
ti^hlio's? of i^iu je :a useful Ui Jrivin^ the wheels over to the 

I sidtkg rail, uni thus guanliu<; i.h« »liu(t tongue; and the 
tightness regularl y iliininislies beyond the tip of thatMlga% 
and Taniahes at the heel-ehain, where Um aanect gaaga ia 
resamed. 

The switches arc worked by rods, set with adjusting 
aerews, to gauge the tongues; a weight of 100 lbs. is at- 
t;ii;ht-ii to thi' fiio-i-Qhi of tlu- r*.teh j.AadIo, and, bv a lever- 
age uf 6x to 4, acts with a horisontal force of about IM ibe. 
on the tongues. It is foond that a weight thus powerful is 
neeassary to control tiia poialanndartha ai^gimiaaaf thair 
iitaatian, and to iaaaiatliair aalf«ttien fai aU ordinary eaiet. 
la thia rttpeet, the short switches uf 10 an J 1 Z feet, emj.Iov id 
by Mr. Bell, have the advantage of the loj;^ uasn o[ lH f^t, 
previously in vogue. The s« itch rod .NO. 'j, is used for pass- 
ing under lines ra l iut' rveuing between the switch-box 
and the swiich i. 

Bmgit Smttiii.-^'SiM to^goa^ » IX fiMt ki^ and ii 
laid down on the oMaide af the earva af the atdlog. It k 
la(>«red like tin' toiif;,ic--< (if tlic double switchL^s, aii l finishes 
t Inch tht. U , and is [ilacsd iu chairs like the otiiers. It 
has a torijw of i inchea at the lip. The fixed (ongue-rail 
is 1 6 feet long, and is lapand to I ineh thioh, tha taper being 
I suited to the angto of tha atdiag MiL Tbarifim^iQkli 
I fiMtkofraadMaatt»»iaifiraiann«,die«gii^nfilar]y 
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till it run"! onl paralii-! to outer iii'le of th(i fix<<J tonf;u»- 
rail, with » «t««raii«« ui \l in«h««. The gaaitt-rail ia 16 
foei long, straight, and parallel to the main rail and to the 
nmw «a4e af tin toagiw-nil, whh • ettaniM of 1^ inthai, 
aad dw (tida orcrhngfag with dw ami ipby. 

The n<>p nf ihv goard-rail i» to defend the tongue when 
open to tliv II i.-titi line, and aUo to keep the wheels well oTer i 
upon the sMin^'-rail, to insiuo to tliem all the arail- 
able bre«dlb of bearing in pasaing aiong the gap which 
extends ia fioM tf the fixed tongue for the whole length of 
Um alidiaf teagi». TIm aliding iaagu ii, at tht mat tint, 
tmM, lAun op« to tht awm Um, in «fcaekiiig th« txMt- 
ilre lateral morement of tlie whcfla ovi^r to the- siJir.^' mil, 
•ad thiu also guard* the Ij.tod point. When tlio sniteli ia 
open to the siding, the gsnge of the ti iiii^ jj rcJuccil by the 
•Udiig touguv, to 4 Imt 7i iuchet in front of tlu fixed 
fmA, wtd thw ^ia thi ilidiiif taagm gnuda th* tz«d 
• teiifiMliir4Bt*fimtiiiiKi. i 

This m ft rinpla aaritcfa, and is preTenU* to tha donhl* I 
■witch for sidings clear of the iiuizi liiip. The ^roitly 
reduced h«ariug surface on ttiu aidmg rail, wh«u opeu to the 
nain line, is the ehief objection to the tingle switch. 

Botli tonguca aboaid ba alaatsd «n Ihair apfwr auHaeia. 
Tha aidnig^afl bImmM daa baataiM n tin aaiglibaorlMad 
«f thaaMdaf OaSnd ipaiMi farawidlhof 11 io«h. If 
aot itaalad, Uitaa aur&Ma mar down very quickly. 

Cnmng, — An ordinarycro«'ii;: h iiKiJi-to an an^Io of 1 in j 
10, and is formed of two 16 fe«t rails, set together iiuJ Uilced 
aa shown. The wing-rails are of different lengths, 16 and 
14 faal hwi^ to break joint; and tha gaard-raila ai« haif* 

The end of the crossing-point is steeled ; also the oppcr 
surfaces of tha wing-rails, from the ueighbourhood of the 
point to the elbows, tliut thoy niny Iji^ slriQgtliaiMd whsre 
than is a dafieieficy of hearing snrCikce. 



OBAPTBRIIL 
WlttDira PaiaoMr SwifCBH tfs OMMnm. 

OriimaryDovhU Stntch.—VfiWt aidtdita, Plate 49, are 
ailniM^ntd. Thair eUaf paaalUkriij aaaanu in aaah a 
fbnmtiaB «f tht anda af tha iM^gpia. aa to laava tba ateek- 
laila antin and unant Tha taagtM ia ao tafwred that the 
and «f it ialMnaid benaath tba oppic labia af the fixed nil. 



when closed; towards the lieel. the s»itph in t^railuitily 
developed, passing from amlcr the rati, and acqninug a sur- 
face of its own to earrj tlio nhoels, aa illustrated by contour 
aastiana in tha Plata, fij ao fiiraiing tha tai^a, ■ wliaat, 
naviag into tba aidwf « pania a aooatdanbla dtatansa b^ 
yond the commeneeinent of the tongue, before it boars rer- 
ticallr on it. and it does so only after the tongue acquires 
fiilTi'-unt Blilfiicss to carry a loa'l, whilst it .s instrumfiil.'J 
from (ho (t^tfi'iiitty on'.vanJa iu Eluttatg the eonrse of tha 
wheel hy lateral .irt:ii:i on the flange. 

In hia otdinary double awitah, Wild makes the tongues 
IS and 10 bat Im^. nadlffaraneaof length, 5 foet, gives 
rl*c' to iin iiicrc-asp of fjaui^o of tlif iiiain lino to nearly 4 feet 
IU mcliuii ii!. \,\m tip of the stiort tongue, 4ue io the direrg- 
enee of the siding rail. The extra gaage is exceaslve, and 
is required in order that the sltort tongue nay ba oat of 
reach of wheel-flang«s, when the switch is apM ia (h* Mail 
lina ; tha ahart ta^pia ia gnaidad hy tha lam tMgniv and 
tha shorter It is, the better is it j^afdad. 

nrte-T!<ro«- Sa-it.-l.—^u Piatt. 4:i, WiLPa plan of 
tlirfi«-Ujrvm iwiU'lt, ur Jstublu turc-oul, wotkjag into two 
sidings off the main line, is arranged in the usual mannar. 

WM ami Panmt BmUek ia fomad with ahaUaw atodc 
and MMgna idia hatiaf nida baami tha atealk-ialla at* 
rivallad to wrought-irou plates for their wholi' 1<>ns^h ; and 
tha aimaplatea carry slides to support the ion^a«s. The 
i tongues, lwlIl^' il.alluiv, aiol brca'l at the base, slide with 
steadiness, and are very stifi' Uilvrally. Thi; i« an expea> 
sive form of awilch; and, BOM lately, the- di-^ignsrs fana 
anbatitutad ordinary siaepaia, atook-iaila, and abaiia, ra- 
tahitiif tha |iirfaiai|ila af tha ahaUoir tangna^ far vhish dwarf 
rail* are cmplojad. 

Wild and Partom" Croinn^ ia formed of dwarf rails, com- 
bined and rivettod t.>:;rtli'T, on .* <n.-it-iioti wlo. Hut this 
crossing, which is owtly, is now supersaded by a aiwpla 
arrangement in which the wesriog paitao-tha and af tha 
tmgiM and tba atbawaef thairiaga— aia fimiad aa|«ilil]r» 
audlttinaadbolladtothaludnni, toba nadllyfaneir. 
able when worn. 

Mr. Baines, of Birminghain, has inTeni^d ^ .sn it ;h, having 
th* t'-nipuu-rai'.? (ic^'ppr tlian tlie stocU-raiLs Imi (>( n stmiUr 
secliw, with upptH mii lower tables ; so that tiie lowar 
table of the tongue slides beneath that of the stock-milt 
and ciewa away mad and athar actum niatkwa from hattaaiB 
thim. Thaaiidhif Borlieaaf thaalida-ahainiilaaf anafaa 
fonii, »o a.s to offi^i' a preei|iioi) Tor the dirt to fall fllur Milt 
of the way. This switch has given sotiafMlioit. 



SBCnOJX IL-TITRMTABLES AND TBATEBSBBS. 



IvmUMM iia af t«a ckiaaa:— liir tnrnii^ aatrfigM and 
«ng|Wai and Ibr toning wiginos and tenders together. 
Thay dlflbr abiafly ?b dimensions, and neoeadariiy .-ijao in 
det iil, th.j fomu r a,rc manipulated by the direct applica- 
tion of manual force, and the Uitar gattaiaily hj tba intar- 
vantlaa af ftaiiiif. 



(OUPTSB L 
TmuwBEB iw CinaiMii m WMfow. 

ToBXTABLBS for the carrying atoek are usually 12 to 14 fcct 
in diaoMUr, aufflaiant^ lai|ga to laeiiTe «on*eniaatly vabielaa 
of lAiahthaulaaiBtniaialltolOlaitiVait. Oidinaiy 
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tabid) aru compoied of four diatinct parU: — the floor, which 
carriN the rails; liip pivot and the fvstr';ii <-f nlleri*, wliicii 
c»rry re»pe«tivolj the c«Dtt« and the eireumference of tks 
Boor; the solo, which reeftivM the total load, and apon 
•Ualt Um phrat aad the rollera travel; anil tlw «iiih, fir 
liMloiiiif the 1M>rki(^; parta, stiffening A* tiraetiin, lad 
affording fixr-i! |Kiint3 for inaiiitainiDg the floor Id poiition. 
The beet detjulci tal li i f iliis rbaraeter, ie, in our mind, 
that prwuiced hy Cliarlo;< Heard Wild, and detailed in 
Plate 50. Mr. Wild tba* describes the design of hia tum- 
Uhle:— 

WM0 TunHabk. " In iuigaiat tUi tnrataU* an «n> 
deaTonr hia ban mad* to mppty th* felbwinf daaidmta, 

partly by a revival of ot'I arratiijiMn.'iits, parlly hy th« invpn- 
U'ju of new : — Strtmgth ; stianlmes-^ iinJei- a passing ioaU ; 
redaction of friction in turning; an avoidaoH^ M ttt :u 
foinbK of dopndaoaa npan foudatioBa. 

"Tlw finl and MMmL nqoinnaitio are uorly allied, 
•ad, USag obtaiatd, bmm dmUiiiy. To Moon Utem, 
tho top plate haa Imob imdo nraeli atranger Aan it naoal, 
and it^< InMrin,: n]>i.ii tln' frii'tiou-rullc-rs is a* near as possiUe 
to ila penpiierj -, $.» tiiat, in soius poauiona of the rollera, 
tho poiata of support are farther out than the ends of the 
nib upn lafaiah tiu faaahiff whotl iotpiqgM^ and ant never 
within tbiot. 

" Th* nUmb have bearings equsi in length to their own 
diameter, and have massive axles capable of mafntalnin; 

the ni;/-ts,iaiy radial Jlrectioii o( tlic nio? of ihn nlli-r^. 
They are also iushued so that lb»ir upptu' lMana^*«ortac«s 
aro in a plane, to which fonn tlie bearing-sortaee of the 
top plata ia alio tanted; the olfjoet of thia pMmliarity 
Mnf to pemit «ba nevitaU* latenl aHtian of the top 
plate, caused by the paesage of trains, to take place without 
interfsring with its equal bearing upon all the rollers; 
whereas, in <iniiriaiy I uru'-ablcri, lOicu' this bfanng-surface 
is of a tsinical iorm, the slightest departure from ooneen- 
tricity caosea tlw iMi|ht tn U thrawn npan thna only of 
theraUna. 

*'TiM aignMntB of tha iowar ioII«r>path and the eorbs 

»rc r^st tqgetlier, and ate perfectly jointed throughout 
tk«ir Ui ^jth prior to the pth being fiued, which by theee 
ineaas forming a part of so Buhstantial a L-iri-jliir i;ir:iLT. ii 
mom eartain to retain its true form tiuku are th« siiallow. 
iatUf litltiup wdioarily employed for this purpose, which, 
pnaiiiilaig na Mmmth in thenaelvai, nl/ mlMy br their 
tfiith on the amoothnoa* and onibimity of tbair hunda- 
Uons. 

" In taUes of moderate JiaMiotiT. fur iii»[atii-« up to 
13 feet, no weight is taken by U-.r renin' |nii, ih.i . urrcot- 
Dois of the work and the perfect radiality ot the axes of the 
nlltfa anlteitntljr reduiog tha Miction of turning; but in 
higtr MMi, paitioaiadj in thoio intended ht ii&-wh(elcd 
eaniagea, an additional appanlaa ha* been httndtieed for 
this purpose, consisting of weighted i'-vi r» [.r-isirj;: ii| «ar I-, 
against the cenlrv pin, with a force aumi^ulat luss tUau tlic 
weight of the top plate. The friction due to moving a 
badj on mUaia, though amaii, is Cu in excess of liuii due 
to ita nmdTnig npan n amtn pin; bat the latter deaerip- 
tion of support is InadndHihla in Mtioaii mmg to ita in> 
•taUlity. By merely con M ai hl iMMing Htm wa^t of the 



lUCBUmT. 

I| top plate in the way described, the weight so counter- 
I lialaiu-d tsiniing on a pivots mlBcient pro-i ura is left 
upon tb6 rollers (o insure contact and to prevent blows, 
and only that part of the top plate uncnunterlialanced, and 
tlie earriige whiehit being tniiMd apon the loUers (together 
anoonti^to ahoat om^AM «f iho gtooa moring wei;;ht)." 

Z>i<oii's TumMU».—Th\* Ithle, Plate 50, is fomieii 
chiefly of wronght-iron. is very thallnw, and de-pends en- 
tirely upon the gcxniiK'S'i i f tlH> fu.iiic.ainn f(ir iti 'j'^od 
working. Tbeta ore two races, an iniior ime oi east-iron in 
one piece with the socket (or the pivot; and an outer ono 
formod of ordinary GO I hi. nil^ earriad in eaa^inm obaiiB 
«pilcad down to sleepers. The Ibor is Annad of two bridito. 

r*il«, riveftp.l to a [ilatt'-frain'>. [tlanUcI li.-i'.i i'<;ii (Im- rails. 
The rollers aru bung ia c»st,-;rcni bearings bwlUiU lu U.t 
floor. 

Goodt-SKti JWiito&fa.— Thi* taUe^ Plate W, ia altaUoir, 
only 6 inohaa daip, and ia iuitaUe for inyhif iato shad 
' floors, for tiniBfinfpM ItiaanofaaaUfaB. 
I Partem' TWntaife— this table, Pblo St, is made with 

! a wrought-iron floor. It is recoiiinir inied Im Mi Tar^'iMji ,%» 
' being liglitvr, stronger, more ilural>lc, n-Aii claHfier than 
I those made of cast-iron. The rollers arc fixed in tha aui^ 
I which is of oait>iron: and the earb and the pedestal aai^ 
in; the pieati nn ladipaadant aaat^p; kaTingthatnfal* to 
depend for itiffliea* en the fawndatioB. 
I VtM' TrnidaUs. — The floor of this Uble, Plate 5S. is 
conitrueted of wrought-irin rail'- fi,inii:4 together with a 
caj-t-iron centre piece. The race is also of rails laid in 
'.'haira. The '^cntrc is of eas^iron, and ia laid independandf 
of the laee. The floor ia oa«<tad with btttaoa, and mafia 
on litaialm 

WMdt' 8df-F« wH ia H a » gWwtetfa.— The floor. Plata 5i, 
is constructed e'ntiroly of rails, with a cast-iron socket to 
carry the pivot, ami is i-ht'mJ '.wili baUuiis. Tlio 5m1c a:i.i 
the curb arc cast together, in two Kewicircuiar caslinss 
bolted together, to form the self-foundation, so as to rendM* 
the table to a giaat extant indapeadaat of the foondatioa 
proper. 

Bancoek't TurntabU. — Hancfuk l:a? iviJiIy Jlvcr'^cd from 
I the orduiary plan of t!^l«. by making iln- piv<^t thu moDt 
ui'.|>iiruant fcaturL'. We Bwinjs liic- t.il>li? nitiri-lv tm ilie 
pivot, uhirli iH rnado of coiisidenble iength, aod props 
the ciroBUifi^rciiii- fnini the base of the pivot or pillar, 
as in an ordtmujr wbar£«ana, working with raUm bearisf 
ramid the pHhtr. Tba load of a w^gon rtstlng on th* 
I table, ia tlius, -.vlien faiilv halancfci, entirelv borne by th* 
I pillar, till! fuuctiuu of t;ir> 'n'aring.gurfacee, at the base of 
ihi' pillar, being to ou< t utilialanced pressure. This table, 
t when in good order, works with ease, as the raaistaoe* 
of friction ia is all puta reduced to a mlnimam. Bat it 
is eipintira in oonatnaliaB, b the foandatkm It waais 
I firmmai and haie, it ia — arti ally top-hen«|r. and espi- 
rience has piof*d tha dificolqr af unintnining it in gaid 
order. 

EUU'i TttruUthU. — Ellis's table, like Hancock's, is hunj 
on a eential apindio, whieb is, nnlike Uanaoek's, carried' in 
n foot^tap anipendad fram nbaea tmatn-rada foi^Cto 
tba earb^inf at the sur&ea. In the CMmdation, EW**s i* 
hitlit aai nwre simply deriiad than the other, as he throm 
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tiM U&i mUnliX iqm tha appar ■aiiiM of the cur)>-maaooi7. 
Y«t. A* iMllad tf mptaaiaa ia «mtiii» in rigidit;, and 
Elli^ ^ido rollm at tha cir«Boif«r«oe» of th« floor to 
«t*a4^ iu (notion. Th« na«M*ity for guida-rolUn in thti, 
as in Haneock't table, leads ua to the general practical een- 
rlntion, that • «Ua Cgandatioo, and widei^plawd hMuine*. 
«M both tkaaoal MBi«ai«M»«rf tha noM aaniiNiM to 

li B»««ti, tlien, WMnlial to s earriane or »ac{^n turn- 
Intiie, rjooJ r ^r [general purpona, that the parti of the table 
b« r«w Mid siiuple; ibat tliere be little fnuncwork about it, 
in order to insure ttifliiess; that, for the aama reason, it 
abolid be oompaot and aalf-asntaiBad; that tlw atrain be 
canviiiaa iinei^ t* «ha ptiHi af mialiMa* thia^^ the 
fcwaal paisia af antaatu c cauiltfm waMH|7 fiw wiAp 
aunrfii^ tba variety af cuMmriMS to wlfeh tht tabla ia 

eipi.'Si'I; lli^t ttit' bam.i fitioulil 1>9 co-extcn»i»e with the 
floor, the eupporta being liberally and «idelj diatriboted ; 
aad that tka taUa abaoM not nqain aoaa tlwi aidinary 



GHAPTEE II. 

EHaisB-Axv-TKHDca TOBKraauM. 

iMMAiua for t^(iifr«Bd-t«nd«r aia aaaalij en llia iot 
lawnf |ta>-Hi«niilBrpit iaaonk af dMngabaddiaaaMr; 
tini|i«nilU hnlha af tioAcr aaHpjfillg ooa lioa of nib, 
Amned tQgadMr and fillad in vitli aatt'iran featplat«^ eon- 
stilute the floor or wearing part; being suppcrUii bv j p»ir 
of roller* at each end, running on a circular rail, and by a 
small ordinary tumptaie, wHh aix ralleia abant tikaaautre. 
TIm taUa ia toned by gjimg attaahad w ana ar man of 
Iba eMtr nUm. In aama wii^ tba^gli aat wnally, tlia 
aigniffltal vacancy at each lida af the floor is covered with 
• light deck supported by roTlen on the outer rail. Tbia is 
nn/ri' I'liii'.hL'.i liKikmi:, Imt il aii<i» to tin- weight to be inored. 

Fox, Henderson, is Go's, table, Plate 51, ia an example 
«f th« ordinal;^ Itind of Ubir. John Winder's is of a , 
plaiiar eonatnctian, natijr of lioibtr: Iba j^taring iaaiaipio, 
and tba taUa ia my aaiilr mrM. In Ynia k Wilbi A 
table, the two rollers diametrically oppoaed. which are in 
other tables tamed by independent K«arin^. »n worked 
(tiim -tiic fii:r nf wir.rli-iiaiiJlca, (o whicli ihc iiiaini.i: furcc ' 
is npplicJ. Tliis arraiigrnicul inereaeee the <)uaDUty of 
jeariiig to wiiw fjii'tit, -ii.d of course the driring power 
n^aired. Iba langitudinal baaaw in tha floor, andar tha 



raili^ ma in Cnv parti, ■•ifaikJ upon tha central giidat, to 
allow tha end-nillen ta ibilow any irregnlaritisa af tlia 

fonndstion, anJ thus maintain their adlio6;oa fjr iiririnj. 
I LloyiU, Fi»tt«i', & Ci *. Uble, I'late is <iuipk' iuitl good. 
Tha main condition of aueeeaa about a large tomtabla, 
ia a pecfeelly qnyialdiqf fiMmdatioo. It ia iadiipinMbk for 
propor Mtiant «a nvant al tigidily abont fka CMndation 
very greatfyinaaaita tba lilMrafimli«gihataU*i 9tr 
large areaa of 30 to 10 CNi in dianMlar, ft ia tapraetloaMa 
to make the floor of the table itself aoffieiently ri;:;^!, in 
peBdnuly oil tba faundatioB, without ioeurring an unwar- 
rantable expenditure: and the proper coune, where the soil 
i* not foiiaiUi^ ia to iaj a tiii^ bod af conoNta ovor tho 
wboia mBi t hat ar Ihaiaby; mil aimalid, and 
aland witit inn barima naM int* dia apporanrfiMa. An 
axoaltent axampla of thia iilod tt fasndation axiats at tha 
Berwii-I; "tatiiiii n;' thu North British Railway, .ippiicJ hj 
Mr. iSeti, the reeident enginear. In addtttuu to the con- 
crete bed, he lays a foundation of half-baolk* of timber, laid 
radiaify mdar tha waia of tho aola af tho (abio, and polj^ 
^ally ttoilar tba raaa, bwldad flaah whh tha omenta. 

Allan's floating table, Plate 52, ia an ingenious appliea* 
tiun of hydrostatic principle*. The table eonsiaU of a water- 
tight wooden float, rfsliui,' <i!i n «at<ir-.<iariA..-<'. i:i » w.mt- 
tigbt pit. It is thus tree to move wuh a tU^Ut itxertion of 
force, whether loaded or nnloaded. The level of the labia 
k not aiatoriailjr affeciad b/ tha load plaaad npon it; aa lha 
allghMat dapnation of lha laUa ia aoaoapaniad by • gnat 
riae of water around it, and by a relative accession of 
hydrostatic pressure to buoy up the load. Re«ulta of trials 
have ahonn fl at vi\i tahU wotiu with very great ease; and 
it possesses tha advaotags of ing indepaodent of tha qoality 
»f the foundation, a* the wMcr-inodiam nf aappoft ndapta 
ilaeif to wj in^galariij of aiirfioa. 



<«APTSR in. 

TiuTnaus. 

Tu ItMOfair, Plata iSOi ia m oonnnient substitute for IMS' 
taU**. !t niM m ttXlt Ittd traurereelr to tho panllil 

[jnn* flf raiN at sla':nri<. an i at <ho 9afn(^ ].-vrl, a.^ not to 
rf^juire pita or Ufiirl.e*. Ths traversers iiiaJe by Duun, 
' llattersley, ts Oo,, are much used, and work successfully. 
I They an made of either cast or wraaght iraa. The wheal* 
en which thoy an auriod aia plaaad ia pain, aa ahoni, I* 
i poN tha gapa in tha taanavaMo nila wilhont iheaL 



BECrroN in.— 'WAGGON-HOISTS. 



IIoisT* and drops are interposed at what may be caiiad 
breaks of tba lina, at railway stations, to nia* or h>wer 
(oodik aa tba «an najr b% batman ana lina of aiia and 
niathiB,«r baMMin Aa mila and On oamnoa amd. ar the 
nadandthapiatteai. Iliijaaa oaid te ihttl% Mad 



wa^oo». in tlie good* department; and passangera' iogga|;e, 
in the paaaenger dopaitaiant. 

WaggoD-hoiata oonaiat generally of a platfonn aalBeiaatly 
large to carry a railway «agg«n, •uapendad batman Cwr 
poaia at tha oamaia. which fnida tba platibm and tan; tha 
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MILWAT MACHIN£R¥. 



MiiM»-iFiigjbtit and Id ■«■• mm thqr tuttf abo th« 
almtiiig gttr. 

On th» MMcbMUr and Le«<la Rmilwar. the pliitform i< 
miM<l b/ four A»t ropes paMvd ever )<ulli;y!> at tla' top of 
tlie f<H»r pillard. iKi- EMtvni Oiunui'.i i{.>ilv»;i_v. iK.- 

platform of tlie «ariiet boitta u lifted by a waur-presa, of 
wbjeb the raw ia applied directly to the centre of the plat- 
fMn, and hia a atnlw «^aal ta Um n^aiMd lilL Oa the 
Bh^/am and Soath Wailan Ballwqr, a heiic waa anoted, 
is 1»40, at tlu- f!!ii.Hf;i.« it rmiiKw, h»»in- 20 fcH lifl, from 
the floor ot tlia warehoiutt to the level uf tlie rails. The 
machine is snpported, at the corner*, \>j four cast-iron 
eolumna, boond together by gitdmal tbe to|k. Tb* driving 
inaehiuerv is all placed bakar Iha Unl «f the vanlioiise- 
floor. TJMca am four iipri{lit molfjag tfaafu, on* at each 
eoraer, tta whola daptli of Ui« nHMhine; thev carry each a 
aliJir.g iciifW hithrz a ft'athrr wliiu'li tits a slot i!i the 
slia/u, 10 llkikt Ute ecMw turns witli the bit^L, and is fjree to 
alido TeKieally. Each ecrew supports a bracket embraeiog 
tba alnft and boitad to a eonar «f tha platfiMoi, and ihna 
dw platfofm U aarriad Aa law aaimii. Tha atmrt 
fiar inio bat tjiSuUM iwAt, panriM to and bobiod the 
ahaftt, placed ha beartnga at thtUr upper and lower ends, 
and cap.nl'ti.'' of nno'.viti^- with the scrcvs, in 'jriit-r u> ayi<iil 
tbe frielioQ incurred by the contact of the screws with tis^d 
fMka. . The upright shalka an twnad aimiillaMoasly by 
aaUabIa gmaag baloir, aanying tlia aamm naod with 
tkmx and, vhaB tonwd io ana diiactian, tbo flallaim is 
laiiid: in the other direction, it is lowered. The platform 
it balanced by counter-weights hung within the comer 
e:jlNiiiti-*. Ity rh-vin.-* iivtrr jkullt'vs at l].o t'.i]>. TtiL' niu'jhiut' 
is worked h_v a ■.--ix lior«" cugiiie, and litw i'roiii » t» y 
tons, in a'iuut vno iiiinule. It works well and econoroieally. 

Tlia Ten-ton W^pm-boiit, plaimtd by Mr. Patar Aab. 
enlk, BMtda Ibr tka Baalara Onatiaa' Baihmj, is 185S, 
and illustrated in Plate 56, is worked on the same prin> 
eiple as the one just described. It is framed of timber; 
tie ciri-'ular racka ijavt^ heen dujC-irded, is lae friL't.uii ol 

the screws has been found to b« so small that the tacks 



I do not at ail timaa tvro with them; Iliad aagatantal fmaka^ 
boitad to tb* earMT rJUam, ara a^diad toalcad: tlwjr wa 

simpler, and more solidly erected than the revolrinj racks, 
and they oflTer a ei^tter area of beariiiL; a.ir£aca to the 
I aL-reiv3. The wuuJ w .jrk H uf |>iir!i [jiiii- ; the corner 
I posts and liuteis are H inchea square; the platfonn ia 
' 21 feet by 10 feet, lUMiBf bar lanj;itudinal pie«ea, two af 
I then 14 by 18 inabi^ toaany tba mil% and (Iw otlvr Iwai. 
at tba lidai, 14 by 7 tnaliaa. Thay am flooMd villi S faiab 

planka, aii<{ ir« tri;is<>J with IJ inch iron rodj. ami arc 
earried on a pair of casi-ijuu h«aiU9, vacii with two tiy«s at 
{ the ends bored out to embrace and slide upon the four 
upright ahafta. Tbsae aliaftt an 4 iaebes diameter, and 
they cany aach m aersw ef b«maa» Ita and «i« toma, mada 
of ww a f h t li on. 15 iaehn diamttar, S inches pitch. Tba 
tsrewi an made right and lafMianded, in pairs, to «oiia- 
teiact each other laterally, in tlu- tiimhiiM-y t<i wiuJ tho [>l.\l- 
fonu; null wronght-iron nuts ara iiaerpoaed i>iMwe«n them 
and the beam-ends, made with snugs to take into the 
b«ams, and pntrent their taming with tba aerswa. Tba 

!apqgiit ahifta Ht 4ri?aB by aiaau af » ayataaa af bdaiaiMU 
tal dwlkaaad aim gwimi baviag taatb of S inebea pitefc, 
and S iadHa btaadtb, worked by a tweitty-horae ataam- 
engine. The racks aro c.u<t in lengths, fitted together, and 
to the pillars; and have snug* or joules cast aa tba bMdi, 
which are let into the pillars, and taka mnefa of tha atrain 
offtbaboita. Tba balanaa wat^^ti^ ana al aaah aamar, an 
of eait4na, and mrfc wHUb anoiaoBna femad by ahaat* 
iron slieaths bottod to the pillars. The weights ar« cun- 
neeted by { inch chains, paasinj; oTer cxx-ered pulleys at the 
; to(i, to thi: ::a.it-iruli hi-ai;i." (.arry in:: till' [ihitl't-rin. Itcvtranig 
gt«r is ajiiph&i bciwecu Lii<j <!iigiu« aud ilm machine, that 
the platform may be raised or lowered aa requirad. flbalaa 
an not n^oind. Tlia boist waika vaiy waU. 

Wanteii.liawla ani at baat, di a a a HTa n isBeaa; tbinr merit 
lies in their conipai^>a*, and tbey art- i.o; u-id wherL- tliay 
] cw] be avoided. At the Birmio^hairi siatiJii ..t the Mid- 
hind KailAjy, tilt- htiitt GiiL'iuailv [)lui:fd at tiio gooda tM^ 

jj minus, has been superseded by an inclined plane. 



SJECXION IV.— LUGGAGE 

PaCSE50EB3' lu^xagi; is roquirt'd to be traiiMuitti'd from the 
landing of the kKikiii:; oflirpj t.o the railway -pUUi:>ria ap- 
posite the luggage vai:. W hen the levels are the same, the | 
laggi^ ia at obm plaeed on latriaa an4 wbaalad to the I 
ttaiB. Wkntba laad-laaalitnbaivlliitaftlianmthe I 
lagpgai^iaaaiaplaaaaiaBddwwatMthialiBadplaneto the | 
piktibnn, aa at tba old ItaymaHcst station for passengers, i 

on the Edii;';iurgh anil Glasgow Railway; ami, iu olliern, 
wbore tlie diffmncA of l«y«i is wtM(d«ra]>l«, iit is e«ui 
dawn a vertical shaft, aa at the Waverley statioD of the 
lana mOw^, in Edmbw;^ Tba nprijht ibaft, with 
Iha amlla and >aii«« aomartad villi iti b adlad a 



SLIDBS AND LOliEIES. 

OHAPTEB t 

Ldooaob Sudks. 

Tua only vertical lugg^ alidaa wbkb, aa tir aa tba aatbir 
is awan, an at work is thia aaantiy,an tha two anriod h 
1847, an tba Wavarioy sution, Edinbargb, designed by 
theaatber Ibr John Miller, Esq.. C.E.; and illustrated by 
Pbte 57. The shaft is 4 fe.-t 9 in^tics s/juare, ami SI) fi:c4 
high. The cradle is made to tit the shaft, with a pUtfuna 
of wood, and framed of wrought-iron, and hug witil nM^ 
rollan walking an two Ifght niia fiiad in two oomera of tha 
shaft dkgOBally. It ia hmag by a obain over a pulley abave 
tka dnftiaod la talanaad by a aaaaiiMwijWt lajitiy h 
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INCLINE QEABTNG. 



• eoin|)*rt4i)«at band off at «»• mik (midMwllii* I 
working on raib. Too at|Mnt» dttliM an tftoslMd to th* 

lower 8iJc5 of th» cradlo aort t'vn nmisd-r-wciL'ht, »!ili?h ] 
deacend and pa» nodcr pullejt Iduw ieid itie pikt- 
ferfD, and terminkie npon the barrel of a frietion-bnke con- 
mwBllj plaoad at om wk. Tbiia tba ooDiiection U eon- 
tiDiiMNi^ Mi dw Imktiiim miitrala tba naehino in every 
pMMn. lb* pdhgwan 32 iodiM ia dUmeier, the barrel I 
12 IbAm, nd tlw Vska-w1w»I 90 iitiiea. Spur eearini; is | 
itpplied to the brakps, to he utcd for laisin^ 1 lid?. when 
required. The eradie rests uptiii a riiiscd eial at the i 
bottom of the ahaft; at the top, it ia prermted from riling 
IM tu, hj atop* Ifand iatn tba floor, and it ia fixed thara 
bfdrtali^aiMbjraotttwaiMri^ordwbnka. A 
■Bill iriBdhv hndla b apiliad l» tlw laUaMili^ 
tba brakeaman to tiht (ha eradla apaadltv, aa, wflbont 

inniiin;; tln' ci>iiii',iT-wvii;tit to uti ii]'":tnvciiienl extent, it 
evM mi ht mati« to atwend uf its own acoatd. Oaea 
started, the eradle ageende ea.iilj, Tbo bnibllinlWI aan 
lat d«wn with aafet/ 8 ««t. of b^gi^ 
It tmU ba an hipnvoDUM to iMnaaa tb» brablni^ 
of this apparatiu, not aa nnoh lor the tnoaBiaiion 
of fnater load*, a* to improva tba control of tbe brakeaman. 
Tl>e linikf-wheel should bo 5 t'ept in liianitter, and the 
strap shoold bo Unad with aangh to inereaso the pip. The || 



323 

I raUor abonU he bwja ia diamter, to moderate tba aiuabir 
af tarn of tba ahabia, mi tba aDgnUrity of tba dMiaa 
! wMiM|iaetl»aopdlij«. 



OHAPTBK IL 
LgaoM»Ii(NttniL 

I.Ci,r,Ar.K.M)Bmsg are used to ««ni'tiy lup^a;;? am! paroeli 
I abog the pUtform. Tvo of tbe taost mmmon Tarietiee afe 
shown in Plate S7. The Great Northern lorr5 has only a 
floor and two aad*^ wantii^ ^daa antiraijf. Tbia |daa 
■IWagiiiiai iam iaMaftrfcaJi^tirfiMlatiitf 
and woria mXL Tha iaar of Aa lorrj, aba, afanda low, 
onlr 10 inehea from the gKvnd. It runs on three wbaala, 
tvroJ TS'jtli iiidia riiljli'-r. of wliicli the i^m^lo wheel is blUlf 
in a swivei, and is maniBarred with great isciiitr. 

The other, the Liverpool and Manehaster lorrj', is not aa 
eoifaniint aa tba Onot Nortbara. It ataoda bigbar, tba 
aido Mag 21 mabia abof* tbo ioori and ia pbuad od fcw 
wheels, of whioh one pair with their axle, are swivelled 
ander one end of the bod^ ; rs^oiring, of eoiiree, a draw- 
hikiidln (I) rU'tr ihmi. Tha fliMt Maftban ia, wo ibaaU 
I aa;-, the beat lorr^ going. 



SKCTION V.-INCLTNE GEARma 



Timn ara dnwn op ataap iDcUaaa. by lootmotito powar, 
or bgr atatioaaiy powa r» ao mmy ba And aiawiary ar aipa- 

dieot. The liMOf dtoiamtimi between tbo aasfal omplov- 
ineot of the one and that of tbe other, wariaa with the 
situation, tho l.'i:-tii of tb» gndku, aid (bo alaw af par- 

fe.-tion of the power. 

Grs' lienta now present fewer difficulties in ascending them 
looooMtiw power tfaaa tbay did ataariiar perioda, as loeo- 

antlfoa ara sow aat aaly h«aTi«r fboa htStn, bat are abo 

more powerful, and the applieation of their power la better 
underatoo<l. An ineline of 1 in 46 on the Manchester and 
I.peiis Railw.iy. is worked l>_v hicomoturps; a]ao 1 in on i 
the East Lancashire Kailwav, and 1 in ^7 on the Dirmmg- | 
baai aad Qlaaoaitar Uailwav. When inchnc; aro distant 
feaai tmlaal i U ti a a i y it ie expedient that (ba loaoaatieo 
aboald bo bidependaot of elstionarj power; bat wbea Huj 

ofi-ur at tiTinlnal etitionR. as at l.iTcrpooI. ami at Glasgow | 
ou llie I'iimliargb and Gliigo-.v fiulwaj-, stationar/ piwer 
has found a preference. The engines and gesriae used first I 
and last ia working tlia iMtar inoUna, 1 in 42, 1| miles 
lung, botwoaa OfaM^gew aad OowUira Stationa, bare been i 
diaeribid bi two oagiaaanay pariadiaBia of tbatiow,* aad j 
wo are ladsbtad to tbaio janiMda Ibr tha Mtoafaf aaaaaat 
of the Cowlidn lagpaaa aad «nabbMi7, witb thiir per- 
formauces. 

* Prattkaf Mtdkmit ar>d Enfimctr't Magtima, faL flLf tMI — 
■ ftwrf i af t Mmbf * Jmm tl. aA U IMS-tt. j 



Tba atationuy ajFatem of werkim tbo inelina, by ongioM 
aMioBid tt tbo aoaudt, waa adopted at tboopanbigor (be 
liae: bat, fra« tbo daBdenrv nf the power of the engines, 
and other da^b in (heir air.in^iMnent, and more partieularlv 
fro:ii th" nVTtio;iab]e Morkin;; oi' the Ihmim) r'tpe tlien em- 
ployed, the sytrtein was discontinued in 1S44, and rephMsd 
br locomotive poww Btttil tbo end of IMT. Baily n 
IS^ tbo •(it(ienai7 e^gtaia waio retartad to, aa tba 
poawlbl looomelieaa aiade bgr Mr. Patoa, tbo anpariiKm- 
deot. to wnrk the incline, were attended with two dUadvuii 
a^» — the slipping of tha wheels, aod ihs nuisance ot steam 
and xinoke, ia tbo lea( taaael tbraagh wbbli tbo bMUaa b 
made. 

The stationary eogitivK. \vi originally constructed, wen 
BOBHiondsBeim, aad bad two qrlindan 28 uebae diaatator* 
4t Ibat atMba^ ooupbd to oaoanok abaft, makfaig T9 nvolu- 

tions per minute, The bailers, eight in number, yien i vlin- 
drical, h feel diatrn ter, 30 feet lonp, having ' ncli nnt» tiu« 
I -JllJ iiiclieif diimiflrr; regulation pr«-s3uro 41)11)5. A spai^ 
wheel was placed on the crank shaft, 12 teet diaaieter, 
working into a front or lirst-motioa fdaba of Cleat Tndaa 
dboator, aad a baab or aeooadHBOlIia pbiiao, aano t&u. 
Tba ibafta of Ibaaa tao piabna warn eeBaaeted bj two 
pinions, 8 feet and 5 feet diameter, to yi^td two speeds of the 
traction-rope: and by placing the sbails on sliding pillow- 
blocks, the one or the other eonid ba geared with the wheel. 
Ia jiraetioe, tbo firat^toUoa waa aovar appiiad, for waat of 
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peww. The rofw MVMnilif fh* indiiw nM oMrtitiaoai, 

»tiii [wTcd fnnii tlm up line oTcr tli? tnain pulli.'v at tlic lind 
of tJte iticUuti, 16 ieel tiijtui8t«r, with tiirw grooves ia il» 
eircnnifereiiee. From thi* pulley the txipe pMsed over » 
15 feet dottblt-grooTed pulUy, M ibat tlw npo lappad the 
hrgu fvUtj thrM timee, ana tlw MNdhr pitt^ twice. 
Tbeow, it pMMd to the bogie or tWilMmHlqr, 11 CmI 
fiaawtar, with two groove*, pkced cm t tnthft m ntllt; 

the carriage IiaJ a run uf (ill fft-t, a.'iii iLo Uin-'iion uii tlif 
rope »aa produced bjr k weight of i Kxk*, auspendad in a 
well by ft ehftid pMaing over a guide-pulley, and att»eh«<i to 
Um eamag*. Fna tka tMaioD-palley, tha rep* paaeed 
iwuli » 7 M palhr, Hrf NtHMd omtU toika-fiillay ; 
M llMt tlia MtiM ttHtu imiM weigtil wa* doubled. The 
ropa thM dtfttlal Itmb tha tvoaios-pulUy, aiid finally 
paued roaud a vertical pulley, 10 fe«t diameter, to the down 
line of rail*. Oa the up and down Imea the rope waa 
rarncJ bv Aniall grooved pulleys, hM im tlu CtltM «f tk» 
inelta, at aboM 18 fiat dittamoM ifitts and U niwned 
«mftlnfifloatalf«8i|f, 11 IntiaMlur, pbstd Maw the 
nib at tha feat tt the incline. The rope waa of hemp, 
7 Inehee ernwaftmee; it was peeoliarly liahle to broska^e, 
lioiii in great friction on the puUe_v«, and iu exposure to 
tti«i»ture. Thia objeatioa, ^gMber with the dnficiooey of 
engine powtr, M la (ha ateBdaMMM af tha nfMjitem 

On tha Nmapttaik o( the rope-ayatem, tn ISM, aaveral 

alterationa for the better were niade. Tho ori-inal boilers 
were retained, but were r»-»«t, «iiL liarrawar' aud deeper 
flue*. The furnace Ijarii were reduced in thiekneaa from 
li to i inch. The aeotional are* of the cliimney waa in- 
creaaed, from 9 feet to 25 feet, and the draft, formerly 
inaaflMaitt, ia new w foad aa to pamiit of tha anliiii** uie 
•r aaln aa fad. The oylhidtn ««• niargtA to 811 iiidiBa 
diameter, and the waate sti-im was ilireoiml inlu a wainr- 
tank formitt!; the roof of the Iioojip, to licat tins waiur for 
the Bi;]>p:y of the lowiii Mivrs. An auxiliary engine ia 
employod in puniping water into the boilen during the 
interval* of raet. The gearing now coBiieta of • 91 tiwt spnr- 
vhid «■ tha aianlc ahik{|» wwfciaf htie aathirwhailar the 
Ma to an the wiia iraHey ahaA, witheat nj other Inter- 
mr'illate gearing. Twj fri ctiou- wheels are applied, iau: i'Ii 
each iiJc of uie semni ii^iir-wheel, and are operated upon 
tliTOiigli invert attached to the piston-rods of two small crim 
den. The main pwUiy, 18 ftat diamttar, haa tha rim of 
aart.ii«a,pi»«D ii twahalfaa^aBd torMdnthagfeoTes; 
tha ttntamed groovea of the original wheels having caused 
(ha rope fwjBTOtly to leave the pulley. The rope is now 
piHS'-il l)ui oiii-e over tlie tenaion-pulley, the intermediate 
7 fe«4 pulley luiving been dispensed with. The new rope ia 
of wire, by Naanll, 4i inchca in cireamferenee, weighing 
19 torni it ia aDopnasd af rix atnada, aach of lis wires 
tariMei niDd • atiaod ef heap^ wUeh aUa t» the 
faiihilltj; H hi aaniad upon 18 inch grooved ptiUsys phced 
in tha IhiM of the rails at 30 feat distances. 

Prrviuts to the departure of rach train from Glaj;;oA, 
tb« toMRiotive intended for its conveyance is tent duyu the 
incline, from Cowiairs Station, and attached to it; and, at 
Aa aBOM time, to the wire rope. Tha a^al la atait ia 
Am giTW hj telegraph, to the sngiMonn 1* OinrUn; 



I and, altar tha tnm ii aal hi aMMiaa, tha loaauMitliw-^nvar 

partially tuniB on his steam, to ai<! the a'.atloiiarv r:;^-iv i 
ud increase the speed up itie incline. The iitatiotiury 
anginem&n vralclies the approach of tho train, anj ahuts 
off the steam and applies the brake shortly bst'ore tha tnia 
arrives at the tsrminatioo of tho rope. At the sani* tia% 
the looomotivs-drifac lata an Ml atiamt tat, aa tha apaad 
of the rope baeoaiaa isia than that oT tte tttln, tha liitlar 

dstadies itself ai;d continues oa the joaraev. 

The action of tiae messeogiir-ri^ is aimpk sod eiEcieat. 
Tlie rape ia of hemp, a few faet in length, and ia attaehed 
to tlia wiie rtpa bgr maaw af a feir Ima atnnda iMliad 
abMiAk ItiaimMwifha jmiiiiiiilMtia fame 
OB ak hnwtad dnwhaeh, with M Mkui anliiaea^ liiaA 
to tha httfkhiam of the engia*. 8« toBg aa the atiaia 

troin th« tractiou-rope cuntiiiiioa, tiie ru|io retains its hold 
upon the engine draw-hook; lui. ini mediately that the 
brake of the atariaitiiy engine appli< d, the speed of 
rope loiana^ aail it alipa off the hook, laavim tiie aqgaa 
and tnia to f r eeie* aliBe. The iimaMf ir roys ia aftv- 
varda dataahad ftom the main mpe, and returned to the foot 
of the inelise for further duty. As a precautionary roea- 
I iure, two bralce-wa.'^iiua, with a hralicsiiMii, uri; luxiki-ii 
I on behind, and mmt up witii e«wry trata; and the leading 
I brakesman uncouples tha waggons, oa llillhfa|g Um aawBlh 
I of the iaeliBB, Two er more brake-waggaaa ate aant dam 
tho iadhM in Craot of every arriving ttsin, to regalato tiia 
speed of deaeent ani! control the train. One wa;:;on weijhj 
9 tons; two of tlinn caji tako down 16 loaded carriages at 
•20 miles }>i-r liuur, and pull up alM jaida dillMaa trhn 

i the rails arc- in ^'uod order. 

Tbe time o-cupied by a train in ascending tha ioflliae 

H mile long, is fnm 4 to t minutes, aeeoidiqg ta wa^gfatt 
I or at a speed of IS la 90 aiilta per hear. 
I It has been found fnnn nijH'riiiKtit.! inaJu with a 
I M'Naugbt's indicator, that the power eoitsamed in driv- 
' ing the aaftia) padi of tha ao^a aid gaaiif ia aaiit 

lows:— ' 

Bagtoa dtifhig the paring and TOO iapaaB|y» W B u 
live mean pressure oa aai hy i i taa,>'l> Ihfc pet aqnaia haeh t 

deducting 2 Hie. per ineti fer reslataaee of ongine, tiien 

remains 7'23 ibs. for ihi; rcsislaiii-v of the ijeariiig and the 
rope, whifh gives ltd iiwao-jjuwcr m Uie powor ra^uirod to 
drive the gearing and rope alone. A presaore of Si Iba: 
per inch ia n^aiiad Im driving the eqgwa and geariqg akoa^ 
exelaMia af Aa ttff, and dtdwrti^n t Iht. fw teah br 
frietion of t'ni.>in«. th[>re rgoahM l4 thw pit inah for Wail^ 
aneeof main L;i!a.-iiiL,'. 

With the hemp m]*, tliL' i i-ni.-t -ince of Mjgiuc, gearii.:-, 
I and rope was fvu:id tu be tu«asuri»d br 1 12 horse-power at 
19 turns of tbe otmk shaft per minute; aud, at 25 twai 
per mhiate, ii wnaM be 147 hena-pawar. This shows a 
ooiNidaniMa anaia af pamr aaaanaad npon iha hemp rope, 
though it mi^M aalj II tana, nhilat tha ttiiwrepa awjf^ 
19 toos. 

En^'iiiu draAiii'.- up a irniii of tun carriages: — Effective 
raeau presaura, 2U'4S lbs. per inch of piston i whieh, at 
25 turns per mnatik givaa 8S0 horse-power nqaiiad la 
novo the gtaringi ropa, asd train, dedmti^g t Ita. par ImI 
for nawtaaaa of ea^ginsh aad 5 per eaat. of tha whab paaar 
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f«r l ifcow riii g bMtm, 4iw U tlw 'm u mmi ii mm n of th* 

Engiuo drswiu-,' up ■ inan «f UdtttM waggons :— EfTM- 
tin mtm prr^surt, 2871 lb*. p«r ind) af piaton, ^'iving 
imve-pomr, »t 25 reTotntiooa of th« crank nhih |>er minnt*. 

Tlifl Oowlaira Cngine and gvilHog fonn an «e«llMit 
MMipU of ihv old (ehool of eooitruotiod : — poudcrous 
•q^DM^ tow ipM4 af yaMo, and inncinwiiato g^Him to 



halag Of iIm qMA. Ikt ImBw MigtMt aai gMri«g «l 

Statian, iire Mcamplw of a mon ad*aiMad •ohool, wbairo tlw 
gcArin^ ts aimpU and Um «ngin«i act direoUy npoo it, wflk 
a high spMid of |iiiUiu. The eugiuen ciiusL^t 'jf two liuri- 
zontal «ylind«o, ootipUd to a cnuk iLaft, a« in a looomo- 

I tire, and th* aiiB f^kf diiA it « u t iHQUl iw of tk» 

I ennkihalL 



PART 8EC0m-SDNDHY APf ABATUS. 



OHAPTBB I. 

W*ti:e.Takxs. 

WATik-TtfU jm«MM»toafliimlnMminaf«attrfiiir 
tb* Mpply of mgfaiM tt dlflhrmt itatton oo Hk* line, 

lTi]uir«d. Tlicv uri; .iii-rK'cl tm ati'im or pillars, aiiJ 

are plac«ii al wuc Uui^lil above tlw liik, 12 to 15 fut, to 
afford a bead of prcMore suffioirat to fill the ti'ii<l<;r in tlie 
eottiN 9t % ttm mtuatee, so aa to prevnit dola; ou the 
JwiliNf* 

9«dE» tu^ km al tmf fam mi tin. Ihfj «• nsuallv 
iwlmgoltr, fnim * to B fc«l deep, ImniMd «f taA-hen yiy.rt 
4 fi->:t s<|',iiin', i irir!i lliick, witli flajipe-joints uia^lo with 
rait ur tnUia rubbw, and bolted togetlieii tuiil uttierwiee 
detailed as shown ill Flataa 63, 64. The bottom of the 
tank h ■■(rpaftad «B « tttir af «aat-ina baaanb oM imder 
ataiyJalMfadiaHida. Chmtfli Ink, Plata CS, ia kau- 
gaaal, ta aut the deeigti of the baildiog «bich carries it. 

Water-tanks are filled either hy graTitation, or pomp- 
inj; from slower level; a:id, in llic litlfr case, the pump, 
and tli« eugiu« aad Lui^.-r if anv, are luiuUjf erected wiliiin 
tlw building, aa exemplified in riat» SS. 

A )af<l-4(H|ga abodd b« ay pUad to tlia tank, to diow at 
■DtmaatlMdiiriliatflkaimlaritaaotdHkwMlmt. A 
good and simple gang* is made hj brioghg down a small 
tube from the bottom of the tank, nerl the wall, and termi- 
nating it w:(li u i inch ylws ttibr", of whifli ths leogtli is 
equal to %ke deptli of the tank, fixed in a (iiLmt against the 
mil. Within the tube dapanda a wire attached to a float 
at tha antfiwa of tha wattr, aod tamiaatad with » anaQ 
aatid body aa ■ iMtA, ta v a ptaaa of nd atalni^wiBi, wUdi 
has the inn^'i- of ilic ckss tnl>f. The mark rises and falls 
with Ui« float, ami iiniicatr^, uprm a scale of inches plaeod 
behind lUe t'jLie, t!ie levL'l of tli« naitr. A cwk sliouU! be 
adapted to the lower end ai the glass tube, to let oil' water, 
and ioour the tube. 

A pipaaf • at 18 iadna diaoMKr u M tnm tha bottom 
of tba tank to tha watamaaa or odatmu frimi whMi tha 
tenJcrs are filled. If for the ^u]*p^y tf uiio crane onlv, 
6 iuelu's diauisler is soSideDt. 'I'hti lli.nv iiin>>j^li the main 
pij>e 1.1 r-gulatird by a sluiix-valvr, ur h\ a conical plu;:, war 

tb« oiUanoe, aa done hj Camtt. In aouie ew^ the tank 



in |ilacii4 j'tUt where the supply i^ wanted; aod a short 
nozxle ia fixed to the eiJ« of t)ic taok, next the bottom, 
fitted with a shot-off Tai«rw; and with a leather hose wall 
bound to it, wbieh depend* from it whan not in «*•, and is 
lifted apt, and piaead with ita lower wd into tba Httfaaoe of 
thataaktobafllbd. 

In frosty weatlitsr, the water most be heated to prevent 
its freezing. When the pnmpiog engine is under or near 
the tank, the exhaust steam may be seut through the water, 
and tho bailor ahimnoj say aba batakaa tliMBgh tha talk, 
aa dana hf O m it t , ilaia att w» in Ammm dlwuA mmm, 
heating a^iparatoa may be apfiUad, ilinHar to what ia asin> 
idodIv used for heating eonsamitories by the eirculatkm of 
hot water. Fox, Ileodereon, and Cj. apply u sinijile appa- 
ratus, Plate 64, oonststiug of a eatt-inxi tintbox aud shell, 
from (be inner of wbieh proceeds a 6 inch cast-iron loo 
rigitt ap thmagh tha tank, aid froaa tha ootar shell pro- 
oaada n IS htik ptpa aii«alo|iitBg tha iaa, tnniad a]^ ta tha 
bottom of tha taok, aod opt* to it, admittiBg of a fiaa oir> • 
eaUtion of wntar aboot the bebox and tha flno. 



CHAPTBB It 

Watsr- Pumps. 

Dnior action pun^ att cheapest, beat, and most oompaoti 
and, probably. OutcM atyle of pump, Platot C9, M, M 
anitad far railway purpoaa*. In PlaU ASthIa pwaf^ OfgiiMb 
and boilsr, are placed all en ana fcMdatiw, and ara aald 

to le capaijlu of raiding 22,000 gallons, 50 feet high, in 10 
iiuura. Tlii v art' ha lt nv. r the well from whidt the water 
is drawn, or if npi'e»i>ary at a cunV'-'nieut distance. 

Garrett's larger puiup, Plate 54, is said to be able to lift 
30,000 gallons, 60 feet high, in 10 boura. Tlw cgrUador ia 
71 inofan diamator, with 10 iaah atiakat thafini|>iani b 
ffHndita dlamater; and, being eanoaatad dinttwith tha 
|:iistuii, li-v< J.vj 10 inch itiuke. The ciault-ifli»ri is pro- 
louj^ed tg CAi'c^ a bcll-pulluy or pinion, fruin wliidi a m otion 
may be derived for driring the machinery of a small repair- 
ah«p. Tha lai|tr atua of pomp to raiaa 76,000 gaUsiMi 
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tat BAILWAT 

antl lOO.OOO gallon? in 10 Honft art of a aimitar con»troe- 
tion proportionnt''; Imt iii where iMc w.itT-liti" in 

well «zc««<l* SOXoii feet ia depth, a " DMp-vrat«r Liii*' 
anMg«ni«at i> iffBid iktrUdtdw pmp i» pat 4mrft in 
IhtwU. 



OHAriEU III. 

WATXK-CIUHm. 

WAm-fluim m meted ht onmiMtton wtth wttaMukt, 

or oth«r lOTin'- H <>t w.itT-iupplv; «iid ihey nn posted in 1 
■ueh eitnatlnnj, at s liistaueB from the (atik-i, a.-< ar* oonve- ! 
nient for tlif <lL'livcr_v nf wulir tn tlic rri^ini>-ti>r.ili:r?. Tlii^v 
tn mad* uodcr » ▼arietjr o( farms, r&duaUe lo t.»o <:laBs«9 : 
twhlf WIDM, and mtter-eolamna aimplr, u exeinpli6i>d in 
PhtoWt Tba Dwdtqf apmlion ii aimpk:— tb* awinf- 
«niiM in twiMd mmd^ » (hat A* iMditr Imm with vhidi 
tlmv are funi;?!i»d, may drop into the niienin-; of the tank , 
to b« &i)«d ; and. in the cue of the caluinu water-eran?. |j 
from which a long hoae depends, the hose is lifted up oTer i 
tin m4* af Um taBder, and the end laid into the opening. I 
In BaMilMa A BliM* aiam^ a roller is hung to tb« aide of 
tha aarliy at ila wIimm* kto Um aoloam, aod nlla on 
an in^*d palh tmmi oirealaily mmi ilw top of tiw 

eftldliili : tlic oljcct tieinr; tn fai'ilitat.' (tic roturn <•( thf> ciiiic 
to its position of reat, after the tender has got its supply of 

natar. 



CHAl'TKH IV. 

Tu Mgioe-li lulvr i; sup^tlitil uith coks aod eoal in mea- 
aiiad Iwds, from platforms elevated abom At nib- Bas- 
ket ■aaaa i ca, li«Miq| 1 out. of cdia, an ttamvtlf aaad; 
hat 5 airt. ncaaaica an pnlMbK aa, wbM pnpttljr 
iiandled, they expedito tha mfcbf pRwaoi. Tha «o1m and ! 
toil being stored on a floar abafa tlia lafil af Uta top of iIm I 
tender, it n ay. )>v :t luitaUa taiilrivaiaah bt fiieklx <i^ ! 
charged into th« tPijicr. I 
An arraojrement of ih'm kind is shown in Plate 5R, and | 
ia Mnployad on tha Iwdm and North Wtatam Bailmy, 
Natthan Diviitafl. A mo*aaHa plaUbna ia hmg ana I 
end upon the edge of the coke floor, and is liatai.r<'.j 
by a counterweight, so that it may r«adilT be hnuUA uj> 
(lut of the way whi^n not in uae; a!iil dv.ViU to a leTel 
with the floor, partly orerhanging the tender, when the 
iMdaf llul is to be discharged. ThaMihala made op in 
6 cut. ^antiliaa, flllad into » amll inm «^|en of anitoble 
capacity, aa aliam; and la haolad to tha txtnmHy af tha 
orerhnng platform. By a siniplr niov.-inodl, tlir front Bute 
of the vaggoD is loosed, asd, iiijipU tijv upper 

edge, it is forced open by the prcsaore of the coke within, 
aad the fuel diachargea itaelf isto the tender. To fmpty 
tha wagBOB antinly, it ia tiltad apoa ila vhaala hf tha 
haadla attadiad t» tha back. Itlath«ifa|dMtd«aitohhld 



HAOBINlllT. 

wharia, and drwrn aside to mnlca way kr another loadml 

waggon. The small wapj.-oii-i wei^'ri ."J i-'.u. i-icli. 

An efficient and compact ooking-maehine hfti hf< n preoted 
by Mr. Ramebottom, at tha LiOdoD Itoad Station. Man- 
diMtar, whan want af nam apii noeh ML Ua atwotad a 
aortnl abaft u^nad iha tha nrticd. Hi liggad H irfth 
suspenden all round, like the ribs of an ambrella, 20 in 
number, united by a ring at the extreraitiaa, 80 feet in 
diftiint'T K.n'li ^ii>^]M'nder carries a wruuplit-iron cylin- 
drical coke-box. 2 fwt 6 inches diameter, aad 2 fe<it !S tuch» 
daap, linkad to it with a bow handle and swivel, so m to be 
readily tnmsd orar wImr tlia load ii to ha diachargodi aod 
capable of holding 9 awl, of eoba. Aa tha bona iwvolva 
about thf ■-I'litm! A\^\tt. limy ilip t'lnnr^U the ooke-waggon, 
from «l-.' :ti lli' v r;iii Iw filtivi .iir. ^-tly , aud they rise throDsrh 
a vi'rli:nl lo ii;)il of H fci-l. t..irt;ii(l4 the upper viilc of ifo' 

tender, into which ifiey arc .mpiied. In this way, » stock 
af eoha majha loaJr J rra'ly for immediate deliaeiy froa 
aanaieiiltM haua; and tha opantion of diaefaai||iiif SI wtk 
of atha daaa aat auaad trn minKtaa;, Tha andihw ia n* 
vAlvad I7 hud, bj mmm af iDttnaffiite (iirfi«.« 



ORAFTKB V. 
BmusM, 

A SYSTEM of eignals is indispenaaUe on all lines, fur the 
safe and efficient working of traffic. Signals are of varioiis 
forrn^ : till- iii.ain !>i.'tiali, cri'cti"! at Stations, are mounted 
on pillant j<lanU il iu tlic groand, and raiaad to a eonaider- 
ahla altittiiiiK, regulated by the neceatitiw af aadk «aa«, so 
•a l» nmm the aignalt htiag viaiUa to igiMaawi at aaA- 
aieat iWHaaoaa abng tha Haa. Tha ^gi^ an aiada by 
revolving discs, or by radiating arms, ktinvn a* s.Mna|iliore»; 
the latter form is now generally preffrro.l. as it is capaljleof 
indicating the dilTereBt degrees of nO ty with crf ator dis- 
tinctneas and precisian than the former. Some of the 
usual forms and arrangements of semaphores are shown it 
Plata S9i and, in oonDeelion with each semaphore, a laap 
ta shown attadbad to tha pillar, to signal at night, and it 
«o>lci>.l in cdiiciTt witli till' st[iiaplii>ri'. The lamps are 
(iilal viidi glajai.^ Ui s!iuw tltrce ctiktirs, red, green, and 
white ; either fixed into and forming part of each lamp, or 
placed in a separato IcanM. Id tha fiiat can, tha haip 
revolvia on aa asia^ ta abow tha nd. gnaa, <ir whito light 
aa n^oind ; in tha aaatnd case, the lamp is made a fhcton, 
and tha iVama of triaoloured glass, is shifUd either with a 
slni[jly vi'rlifal iiMHTemeot; or, raii.iily, witl) a cmjile jf 
glaosee like apeclacle-eyee, red and green, to rise before tha 
laiap and emaaii what la iHiaia^s white light» ktoa 
nd orn gnM aaab 

Tha i^aali in NgalaMiia aw «r thna hnda, aaiM^jr ^-^ 
Semaphores, and (tag«, by day ; and lamps by night. VUgi 
and lamps &r« distiogaished by colours, as follows : — 

IVbHa 0 rv*t— Oo on. 

ttan» CmCi'm^Proeeed »\m^ 

Sad DamgtrSUlp. 

^^^^^^Iwyotiee^of^Hjybow^ the Pin- 
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S^gmb if matfhan an mad* aa kXlom :— Tka ^;iial, 
Jff ff^tt, b gim Iqf dia am bau^ iMraiad ioto tta ikNtb 
oat of tight, M obMimd fiwn « aiigpoa ar aprnMh- 

ia^ the «t*(raD. 

The si^'nal, Caution, is g:\m by the arni being raided on 
the left hand iidt ot' tho yusU hulf nmy to the horituutal 
ywicion. 

Tha atgpal, 2)lai^, ia gif«t b/ tba ann bai^g; laiatd an 
tha Mk hand tida of As poat, to <ha Imiaartal pMhiaB. 

It 8i;;nl(it'9 t1i3C ihn en^'ma maet lint flai Ifa ij^iwl fNial . 
SB loi'.g as the anii is «n ni soJ. 

Till' sL'iiiiijilirjrr ijiTijis ;tr»' litjhtcil, to give eignale, at 
night, hj white, green, and red iighii m required. Di»- 
tanNignilli or auch aa are placed at a dielanee from a 
atatiao, wa mikad from tha atation by mtaoa of a «ira> 
CMUiaelion, aalletMlljr laadad ai the sigual-iraatt to kaep 
t)n- viin art ranstant HuImi, aid ta taka dawn tka a^pul- 
arm when relioued. 

Self-acting signah have been frequently tried, and have 
n«t| aa jat, Mweatdad. Om maat dnw tba low aoBwirbare, 
bitiiMB aMaoiatla pwfca tf an, aad butan aapinrtindaMa. 



OHAPTBJk TL 

Wkigiuumh, 

WwumMom for nilta^jr p m poaia, aw' af vBiio«u 
alaiaM! — fbr tmffgem aad tbrir Imdt, tor oepanl* nur- 

flian n^c, fi<r [i;isscii|.'ors" bj^"^ij;e, and s/i on. A» they may 
ill W cuujUucUd uu ibu itojue priuciple^. nhether large 
or amall, and really are dooo ao by e.icli ni;ikcr, ou hia own 
•yiteai, tlio aelection of • U Uu weigbbcidgo (u vggma 
naj aoOoa l>r piaMiit paipoaaa af ifarinitinB. 

The example eolected, Plate 60, la Oat patMted by 
Henry Pooley and Sun, LiTerpool, trfao ha«« bato long and 
justly r:iiiir>ui! lor the excellence of their deaigoa and the 
tju^iiy ul lliiiit workmanahip. They lia*e studied to com- 
bine ainiplieily, ready ineane of adjaatment, and relief from 
ttnia Of wear of tba woikii^ jpattn In oompaiiaan with 
tba aaiiior^ or o o OT a w ■■iitM% Fialaj^ ia nnoh ta adranat^ 
InthaiatbMa iapirtaat pwata. Tba ftnMc amtaina three 
lover* ondor th* platfetn, tho lattor eontala* bat two ; it 

may In- ssiil imlrcd to hiivo but utiu principal Itiver bobjw, 
rea«liiijg Ut tlte AkiI uS (tIlUr, m the other is properly an 
auxiliary, plaeed there to traiumit tha kad ftOB thaMhtr 
nd of tho platbrm ta tbo bmwi bMHD. 

b apptaia, iillthal;tha^ te ttia ■laabia^ Ik* knilMdtiod 
btaiinga and fulcra are hung in swinging Unki, saapended 
within frame*, *o a* to admit of perfect freedom of action, 
and to insure the dear aiul free sui-ppiitiiyij nf lite [lUlhirui, 
wliicb naturally, when thus auapeiideii, teeiis tlin I;jv««*i 
•ituation, and remains in one position. The platform, thus 
bug, i* (re* from tho liability of mbbiog against tbo kerbs ; 
a«d tha ptmaipal and aaziUarjr km* prmrta thatr proper 
relativt poaitiona. 

By tbi* diipoeition of the lerera, also, all the kuifi.^cJge« 
abuut tliti ijiichiuv, are arriiigcJ in parallel planc.i ; and, in 

action, thair.oieUlAtioo* are coaaequently in tlis aomo dine- 



itioD, SO 00 tohaoish tli« orwsing or keking of the working 
aiiilHB,t*«Meb tha older uaacMnoi an UahKaudwUeb 
give rise to conaitlerAbte inaoeuracy. 
The sn«pen«i!>i^ of th« working parts by links, further, 
iirviniutes tlie ilurabilitv uf tlie kiiife-edjoj, as the tr»inver»e 
atr>iniug and fricUon, to whieh tliey wi uld <>t.ltt)rwi»e be 
exposed, ia almoit MtMljr removu<i \ aiul the knife-odgos 
I of tha nadir iataia aaa nad* 6 inoba* kng, to inaon thair 
dnnUli^. 

The eni conties uf the under Invors are ranged iu iLo 
xaiiiu piano horizLintallv, aa indicated in the lougituiiiiial 
■"cctiuu. aud (tie imtcria! of the bcani! i? tliroivii under that 
lerel, thai tliey may rest with itabiliiy on ttieir ownoontro*. 

The folcrum-firanai, aB llfeMi the load i* ultinialtfyM> 
ooifod, ara mada in aapania anting^ «ith • larga afoaa* 
ba**, tpdl bedded, and aeonrad by Mdln^own bob* to tha 
f lundiilioi]. 

The fouudatiou ia, in the piiui uf tiiU tnachine, made to 
carry the whole toad, and must be perfectly eonnd and 
nnyioldii^; aa tba MtioB af tha naobia* i* ootifaly in- 
pandantnponthafgadMHafAaaabatraitBn. Onrtanarita 
as tha fcnndatiaiia af tmtnUia an t^^uUf afpllcabto to 
thoat of wa^btldgea. Tba building f* beand on the upper 
edges by a cii^t-irtjii kerb, endosiii^ tlie cihte, with 1-inch 
clearance, and sstttdi with a flange kpping the maaonwork 
St each end, to enable it to reoeive and dieefctho oscillation 
of tho taUa. In oortaia caaii^ whoa maaoaijr haa boat 
ax|Mnlf% tha lalM of tba la*Bm ha«a batn aaapadad Iran 
the kerb, which has been strengthened (iw tha pupaaic and, 
thereby, the fulcrum-frames and the stone-romidstions bar* 
been dispensed witti all'i^'('tii> r. 

The under levers are surmounted by two parallel cast- 
iron booms, conatitntiag the rails of the table, and of sotS- 
oiaatitnagth liar that paipoMi tho^ ara af tba fall kngtb 
af tha taUa, and an mada «ith baaringkhmekda baited la 
them, having steel faces resting upon knife-edged " verges " 
let into the levers. The rail-beams are framed together 
with trantom* bolted tu then), and are liid wi\U a floor of 
cast-iron pkt<>K, buk^t to their iuner dangM, eoveriag iu 
the whole area uf tha pit, and ribbed and studded aa tha 
appar mrfii«B far tha anfaniaBaa af hone^iafia. 

Tha bahoefrlavar, ar atadyanl, bawpandadin a aiat-inia 
frame, and i? linked with its ehort end vertically over the 
extremity of ihd priucipal lover. The longer ;kr;u i^i gradu- 
ated tu a Kcale, indieaiing tiins, buDdredweigbta, or pounds, 
as the nature of the duty may demand, and is adjiited to 
any required length. The equilibrium of the niacliine when 
unloaded, is adjustad fajtba CBaa.tnbafaHM* appendad t* tha 
steelyard. A po!**, nanahl* alon^ tha Irrar, tadl eata a th* 

weij;ht of any l<iud plat'/d u:i the p!atfurni of the wi-i^li- 
bcidjjij, until it icauiieis ths limit of the ec^ili;; ajt«r wlkich. 
loose weights are placed on the connterbalanoe appended, 
and the execsa weight taken by sliding the poise ou th* 

I steelyard aa bofor*. 

Th* atad,y«nl la ftrmad with a chambiTirithfailihalii^ 

i arm, to oontain a eomptaaiting weight, wUeb ti nad* with 
a rack sjid piulon eunneetion, adjustable fur iho [lurpose of 
maintaiiuug the equilibrium of the maeiuM when atiected 
by changes of weather, or other causes. The weight <anriia 

i a toatkad ta«k ia ila Ia««r aid% gMiad iota a phuoa 
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in a« imr. A Inyhd* k brad 

within the point of th« pinioo, for which tb« k<7 u kepi bj 
the p««on in chftrgD : and hy an application of the key, tk* 
equilibriuin nisy renJily Ue restorwl. I)y t!iis iirraiit;.Trt«nt 
il iaout of the power of anj one to tamper with the balase*, 
tr to tlhr it withwrt A* <autM «r tlM pnpaily ailkHind 



n» mmiai «C itKwfng tin 

tear and wear, except whilst in actual nee, ia as follows:— 
The falcrum of the ateeUard is snspended hy a flat-link 
chain, paaaing over ^ pull«y on Uir ln.-ail uf tlx; pillnr. >Vi'l>iti 
vfaieii tha Aiiam »r tlie «u«WarU mv lodgctl ; .id'I Lheiice 
mr • 4|ndnBt, which ia tamed bj a hand i«i'e'r keyed 
npon the snu pivot with it. WImb th* mwhin* i* t» b« 
fml in «!ear, for weighing, tha hMldl* ia t<n«l down to tlla 
bor'iontal prisition. and lixod bj a catch on the frtme ; the 
ttpplyarcl is tlicrtlj raisutl into poaition l»v the «h»In-eon- 
BecltDti, ami alsa. in direct foiiiK'flion il, thi* •<y«t<T)i 

of leven ai)d«r the platform, as well aa the platlomi iueJt'. 
The whole ii tlien in a state of free suspeDsioo, and ready 
Ibr Me, To vtVieve the madiio^ th* haad-lavar ia niiaad 
to the upnglit |ioeition, tha akate nbnl, the ttaalyvil 
letdown, the under lovnn lowered oot of e(ilit:ift witli lln- 
platform, and Uw pUlfurm, with the beama suAUiuijig it, 
depoeited solidi; upon the npper endi of the folcnim-framee, 
on (Mto fnfarad (or tbani. To facilitoto tba wa af tha 
nlinim iwiifciiiiiin, tha anapaadal ytitt •** ktlHHtd by 
• WBiiiwMftht, lung bjr K dull Mw • mminuk iqmi 
tba bawl lanr. w4 Vndad to piWlua » •otNct UXamttt. 

The Iradltif; (iininisioDe and pnv|iortMiiis of lh« 
briiige are iw laiiow : — Table, 19 feet l«Qg, b}' 6 feet 1 iiieli 
bi<Dad : gauge of raila, 7 feat. 

Uatitt lm«:— botiiMi^ dialauaa itam tha folem to 
tlwTCi|Mbr*iMlHii pwyf<inhr«itow» few fiilwa 
«{ Mte Midar W to ito artiMw and amlriL 1< 



TA to 1831, Of M 1 to25'3 
I l}i ID 40^, or aa 1 to U14 



ipoiaea, 1 leM 



91 taabaa. 

Sln'lyar<l : — Icnglh of ?linrt ciilI, froni fulcrum to cn.l 
centre. 111 )udii««; of kug mid, irotti fiiicrutn to i 

(od centre, 401 inehea; dialaaee from fulcrum to com- j 
noMMiMMt «f aGal^ 8f iatbrnt awt to andoT anK 
juohMt tt^BtkafiMla^tlA 

FtoM tlUM 



Far ataeljatd. 
Total 



Tb« Hid qiMitiMi H, fh» mtad adjwlmiiit aT tU 
HauaU niito w t tfte M tha and of th» Hfclj-aid, tba 
iXi^g yelMi, mi tba Maelyard. Tlii> prim :|>le of tha 

niacliine beini^ biil-1i dial fijuilibrium should exist wl.fii llin 
table is free of load, md tb« atiiimg putae is placed »t the 
oommancement of the acale, it ia obTioua that the dead 
waif bt af tha table and imder leveia ia to ba faahoead 
Jaitflr y tht itod^wd, tiw ymnaMirt fliNBtorwii^l, tnd 
UiaalidillgpoiM: and it ia plain that theae three may be . 
wwwadj qtpo rt i o nad, pioTided the condition of equilibrium 1 



ba obaorrad. Tba baaviar tha aUdutg pain, tht lin \ 
dOM it HfoiK &r the balaadllf af f^ten h^'in. and tha 
aherter may be the atcelyard; in a denhle prop-^rtion, aleo. 
ia llii> ponnnii"ni rfHiiiti-rwiMixK! alTi'cted. lJut, llinugh 
three ntikr.onn i]uantiti('i arc. ihas ptc^iiuWii far treatinOQt, 
tba aalotion of the proUem is practically eentroDad hj Mil- 
aiid draimUaiioM of wmatnMtiaOi • gmn 
id nmi af atnljrMd Mq( Mbftod, tha aEilhig 
poiw ii Hywtad to tha nmge, and to the position of the 
MnnHMMMBt of the scale with reapact to the falerutn ; 
and the countiTivri^-iit \i s'j loaJed as duly ti> ."iiiipli'im-iit 
the steelyard and lU« poia«. In ihu eziiiuple het'ort' as, the 
sliding poise weighs 10 lbs. S onnceai, aiid tlio ^enla com- 
inaiMn •( H iaalm btn tba faleram. Tlta total initial 
bninga of tha fum, than, with mpM to tha laKk 
deduced as follows: — 



ail tosss 
taTiid^nllllaa^amlto SUM 



Total initial let crsg* ef | 



itofii-4a 



IhapoiamJMi«bn,tt tba nmrnmomtdf tba aoiK 
kalanan aa aqnifalant at tba taiUa^ «f Sl't» timaa it* own 

weight, flr TD f! m. X S]'i9 = 55 Tiio niii,-" 
nf the "icalfl is designed U) wjiUrAce a niaxituuui uf 2 U>ti» m 
the 'ioa.i tl.a'. can he weighed by the sliding poiae, and the 
required length of the acale may be found either by diiwct 
trial, or it ba dedawd Crooi tba larataga at adiwh ifaa 
psiw nn baliMa (ha vtlght. !■ aithiwitiiig thia hnn§^ 
it ahoald ba witad lliat tha laad to ba balaaaid Vf tha 

aliil;:!;;; poisL' n rjol only llic inaxiiniim loa-l plaps-d uu the 
l&Uie — 2 tuM, but, bosidea that, tb-M^iuivalf nt load, r.iferred 
to tlie table, Mt-aS lbs., which fi^imd to be balanced 
by the pain wbaa at tha aoaunaQoeoMiit of the saala, and 
whieh «f aaana raqvim to ba ka li a n d , or aUind Ch; 
otherwiaa,«faBai the poise is remored. The total aaximam 
load toba balaaee^I by the poise i^ then, 8 tons or 44SO Ibi., 
aJd.-i to .'Ji 55 Iba., or, in all. 5<I04!>5 lbs.; and the total 
leveraj;e oi the poiae must be as its weight, 10 Ibe. 3 oz.. 
to SOM'55 lbs., or as 1 to 491 23. Dividing thia ratio by 
tha laiwr^of tba udar iavar, 1 to 2j-S, tha malt ia tba 
nito 1 to miflb baing tht nqaind «■ tha atnt 

yard, to balanaa tha nadmon laad; and, IH x 19-416 = 
36 A inches, is tb« dittanoe of the M»d af tiie scale from 
thi> fuicrLiiii. 

H^via^ delennined the lesgth of the acale, it «i;>y be 
graduated into equal interTals, as required for indicating 
buadfadwalgbtt «td quartan. In tha amapia bcfna m, 
Oa nanbar of (ndaallMn ia IM, ahovii« inlamia ta 
tonaan quarters, or 88 Iha. 

The range of the poise on the scale eommanda a meaanrr- 
iiieiit nf 2 loiii, and the iDogp poijoa plat^tsl Dti the i<eat ^t 
the end of the slevlyard, are adjusted to Iwlauee 8 t«ns ea 
the table; being 8 lb), weiglit acting through a lererage af 
1 to (00. Tbm, bjr dapoiitii^ a aallaiant aamber of loose 
palm, and aopplaMtlag than wMt tha aKAi^ poiae, any 
load up to the rafanitj iif IIm iMihinn. in iMi ana Si tan* 
may be weighed. 
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